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FPR^WORD 


I miS lillle b5if)k*is no4 a text-hook : it is not inten^d to be. It con- 
’ ’sistii, essentially, of % nmnber^f firticleston the Electro-deposition 
of Metals that app^reii from ^njp to tincj^^in Beama^ and to the 
editor of^this journal the author 4s much indebted foi^permission to 
r^roAte the articles in book fci^ • * * * 

The author’s object in seeking repul^lication isii)o hSp still further 
those who may feel need gf assistajjpe in tlneir work connect^" with the 
defissition of metals. It is desired to assist foremen platers, works chem- 
ists, and engin eers, especially. In order to do so asrfar as possible the 
author”has omitted much. The subject-matter has been carefully chosefti, 
and thostf nfttals only have been considered which are of most general 
interest. Silver might, perhaps, have been included, but econon^ oi 
space did not permit of this. 

The author has stepped out of the rut that text-hooks on Electro- 
plating follow, and he has endeavoured to treat his subjects from a fresh 
point of view. He has not hesitated to insert his own^practical essperi- 
^ce. A familiar and conversational style of expression has been deliber- 
ately adopted. *^he author has wished lS) “ talk ” to the reader : hut 
ft he has not, even s«, made plain that which he intends to convey, 
there still remains a partial remedy. If any one does not understand 
thlb or that in the book, and he seriously wishes to do so, let him commuijj^- 
cate^s trouble to the author. His letter will be received with pleasure. 
The authoiv wjll- b * only too glad to resolve doubts : he considers it a 
moral obligation io d^so. It is an author’s duty to make clear his mean- 
ing-^not to puzzle his wjth linguistic conundrums. 
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A’GENEI^t, IrEVIeV 

rpRUI* applied science of elft/tjo-mgtallurgy may conveniently 
.1 divided into (1) Electric fnrnacc work, and (‘J) Electro-deposition ; 
and the latter is broac^y divisijjle into^(i) Electro-refin^, and (ii) 
Electro-plating. This book deals almost entirely with electro-plating, 
wftlch has secured a firm footing in the industry t)f the country. 

(i) Electro-Refining 

While undoubtedly electro-plating is, in England, much more widely 
practised than any of the other divisions of electro-metallurgy, yef, just 
as certainly, considerable progress has of late years T^een made in electro- 
refining, not only elsewhere abroad, but also in the^ British Colonies. 
Crude copper and zinc are refined electrolytically in Australia and 
Tasmania ; and it is interesting to note that, despite gloomy forebodings, 
zinc refining is now a commercial propositioi^ There*is no doubt that 
the great obstacle to the development of an electro-refining industry 
in this country ?s the cost of power. Copper is the only metal that has 
<".*been seriously considered at all in this country ; and with one or two 
notable excepuons, as, for example, the pioneer work of the Elliott Metal 
Cj»., even the electro-refining of copper has been left alone. • The market 
prices (in London) of ordinary “ Standard,” and of electrqjytic coppft*, 
respectively, show that the margin is not sufficiently great to induce 
English capitalist^ to sink the capital outlay necessary— at any rate 
for small-scalS operations. 

Some remarks recently made by Mr. S. Field, whose work on the 
eleclirolytic extraction o^ziifc is well known, are instructive. He says : ^ 

“ . . . it shojild be remembered that no large scale or commercial plant 
kaiJ ypt be(Sn put down in J^his country. Certain experiments carried out 
in South Wales by /)ne of the zinc firms produced between 100 and 200 
tons of the pure metal. Then the experiments closed dowll with a view to 
Building jipon a more convenient site and on a very mush largSc scale. ^ 

^ “ ElectnJ-deitosifionTmd Electro -plating,” reprint^ frci«a the Trarw. Far. Soc., 
19211, vol. mi. p. 492. See p.i31 |f the reprint. 
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You could ’Uot p;^odu& electfoiytic ziocACommercially in Ais count^ 
with a plant of listens a day capacity ; the nearer it gets to 20 ev'&a 
100 tons a da;^ the better .the prospfect will te.” 

But there is hope. It seenSs that Qermap pnoveAents in Devons?2ie 
before the war have led to<the consideration a syndicate of th?]pro- ‘ 
position of cop^r-refiniifg by electrolysis in th^t county.. It is p®roposed 
to lay out a firge sum^soipe millions) in electrical plant, which will 
be used, fin oonsid^iifeible part, to supply en»i;gy for re finin g purposes^ 
Water-power not being a'v6ilable, lignite^eds existing fn the country 
will be made the scem*.e of cheap power. The chairman 6l th(fj syndicate 
is a well-known Midland ipanufeicturer. Copiinent,ing briefly on/the 
scheme. Professor H. Carpeiiter,^ F.&.S.; say/5 : ^ “ In the ye^rs 

immediately preceding the yfar,(;t]^^- United Sfates ^)f ^merica refined 
electrolytically more than 90 per ceLt. of the world s output of pure 
coppet’. ’ itldst OT\this production wai^ ^.l^sorbed by the electrical ind^istry;N 
Great Britain, «^>cordingly, was obliged^to obtain tlie bulk of this type 
of copper from America, and in 1913 imported about 100,000 tons.’’ 
It is to be^hoped that this project wjU succeed. 

Things are diflerent abroad, including the British Dominions,^ 
places where water-po)^er is available. The electro-refining of zinc has 
become, of recent years, an establish(‘d industi/ in Austr^afelpd^Tas-, 
mania — ^io mention only British Possessions. And the introduction of 
the process into Burmah has, the writer understands, already been made. 
Xhat it will ever be commercially possible to adopt electrolytic methods 
in this country (in the case of zinc) is, at present, questionable. As Mr. 
Field points out, it certainly could not be done with a small plant. But 
if the scheme for copper-refining above mentioned were to succeed, 
then it might become quite possible to treat zinc as well. 

Theoretically, the process of electrolytic refining is simple enough, 
thougli in*practiee things are not so siin])le. It consists of the transfer 
of the metal (copper, zinc,’ or other), by electrolytic means, from a sheet 
of impure to a sheet of pure metul. The two sheets of metli are suspended 
in an aqueous solution of some salt, usually the sulphate, of the metal tq 
be refined ; and the electric current is passed — froni the source of current 
supply to the impure sheet (called “ the anode ”), on from the anode, 
through the solution, to the pure sheet (called “ the cathode ”),2 afid 
then on fronf the cathode to the source of current. Most of the impurities 
in the anode (the soluble sheet) either fall to the bottom of the vat ftiat 
contains the solution, or are held in solution, if they are soluble, and 
prevented, by taking proper precautions, from being deposited with the 
copper or zinc (or other metal) upon the caLhodc sheets. The purity pf 
the refined metal is frequently as high ai> 99 per cent, and 99-99 per 
cent. ^ 

Lead and iron are two other metals that jire refined electrolytfcally, 
on a., considerable scale, in the United States of America. But nothing 
has be^n aHe^pted in this country^ 

' Mature, Feb. 19, 1920. ^ t. * a - • 

* In zinc -refining and<-zinc -extraction it is not unusual to use sneet? of aluminium as 
cathodes. . 
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(ii) •El^ctb^-Platino^ 

■ '^lectro'platiHg is thelrtnch of electH^metallurey that hasjbeea most 
M^nrf«ely de^ploped; ifl this country. Jhe. silver-plaling trade of 
S3ii^4d aa'd Biflalinghaii# and the siokel-plating industrjwof the Midlands 
are worid-famdus. . NpvcHhelaa^ .the prCsenfi st^ge of deveWment, 
fheth« it re^ar4^t« a^eUnihk^Wcrthnr, i^ah * far as ‘^'f^ss ” 
W co^^me^ ( 1 ; f|ie prooei® dk processes employed 

ftre,..te\gei^l, at*leas^lie ^equal of Aose emplo^ea elsewhere, yet (2) 
.by inbch^ \f^^hey • 

, • It'ttiay M convefli6Pi(^ jifeteft lMto' plade the general procedure 
,^eqttq-platiftgdift simiiar'to tiE[£/^,%lectro-3®fining, namely, transfer 
&f metal from anode to /cathode file agency of the fieckjj^wy’rent. 
[ti 'th9 (»se of electro-plating, hoi^re^r, ;the cathode (thdfarticle deposited 
flpqn) is some object— a spoon, fol-k, or the like, ^m# cycle or motor 
attingy and so on— which may or may not be of the same kind of metal 
W tjm^eposit. Furthernlbre, the •object of electro-plating Tfe different. 

decorative — to make an “ ugly ’’ metal look pleasing ; or it 
™yl3e protective, as ii^ electro-galvanizing ; or, again, it may be both 
iecora^iwl^ proactive', as in the case of much nickel-plating. , 

*' In this chapter, silver, nickel (and cobalt), zinc, copper, and iron are 
30nsidered iffdividually, as being the most important ; only a few words 
ire 'given to the remainder. • 


(a) Silver'^ 

The “ process ” of silver-plating is to-day essentially the same as 
it was sixty years ago. The same highly-poisonous solutjon of the double 
cyanide of silver and potassium is used ; the same slow rate of deposition 
obtains ; and the same old-fashioiied me^iods of working are employed. 
With the exception of a few mechanical devices for keeping in motion 
<r>he articles that are being plated, no innovations or important improve- 
ments have been made. 


(6) Nickel and Cobalt 

1. Nickel. The position is somewhat better in regara lo nicKei. up 
to the year* 1908 ^the solution used for nickel-plating consisted of the 
double sulphate of niekel and ammonium dissolved in water. This was 
the Solution patented in this country by Dr. Isaac Adams in 1869 and 
1870, and iv^ich was reSlfy a*modification of Bottger’s -solution. It 
c^nteij^ed but little nickel ^metal) ; and, in the case of “ still ” vat work 
(that 18 , where neiijier the solution nor the articles being plated are 
mechanically moved), the current density employed ^s small— not 
libre than 3 amperes per square foot t)f surface. Hence, fee nearly forty 
years nq ^ogress of a^account had been made. In 1908 a development 

^ OnW ajpving reference to silver is made. This metal will not be considered separ- 
ately and individualiy in this ]|[x>k,iinGe it is not one of prime importance in engineering. 
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occurred, which occasioned* by thff^hreat of foreign competition 
A solution of a wholly ^erent type iroti^ the “ double salts ” ^nickel 
ammonium sulphate) bath was inttoduced from abroad in or about ^ 
year 1908. This solution oOnsfsted primarily ^d mostly of the “ s^h 
salt of nickel (nickel sulphate). The result wSkthat since the “^single * 
salt is very nfa^h more soluble than ^e “ double,” and cbntains a mud 
greater percentage of nipkeb the solution could be made much mon 
concentrated in methl, apd, as a coiftsequen^ie, the rate of depositio* 
could be greatly increMed-^for ‘‘ sftl*” vat work it wate more^than doubled 
Such a bath, giving? afc it did, equally as good an/* in semeSespt^ts bettei 
deposits of nickel, aff feted output as regar(Jp^bt>th quality and quantity 
The spur thus appliedclty ^foreign ccmpatitypn (supported, a& it was, bj 
both money and scientific procCdi^) had a benefioi^.1 effect upon the 
whole of the ri^ckel-plating industry'of the country. Baths 6f similai 
type \iO ^e forUgn product were, result of research work, placec 
on the market h^ British manufetcturers, and soon succeeded in checking 
the foreigner’s care^. The advance from the scientific point of viev 
was, that iiickel-plating began to bedooked upon as a matter deservim 
of scientific research, ^s regards the solutions used, however, practically 
no further development has occurred. In a recently published work,' 
edited by Dr. J. iJ. Friend, two recipes for ni^kel-pJating-stf^jiiyiQrs ar( 
given. Which represent, presumably, what the author imagines to b< 
the latest word on such solutions. Both contain the ^Id-fashionec 
“ double salt ” ; one is said to work at 5 amp./ft.^ and the other at 1( 
amp./ft.2 The writer has reasons for believing that neither of thes< 
solutions is known tb any extent outside the laboratory. Nor is eithe: 
of them likely tb be so. It is a scientific impossibility for any batl 
containing nickel “ double salts ” to compete with the “ single salts ’ 
solutipns.. The advances which remain to be made (and they are many) 
will be in the direction o| the development of “ single salts ” solutions 
Indeed, research is now being conducted along the lines indicated, witl 
the result that several baths have been composed that* can be workec 
at more than twice the rate possible with any solul^ion now on the market 
Moreover, the deposition can continue uninterruptedly for a week or more 
and deposits obtained that measure over one-fifth of an inch in thickness 
# Nickel-pjating is applied to a very large number of articles, amdhj 
the chief of which may be enumerated those belonging to the folloi^g 
Cycle and motor parts, sanitary fittings, gramophone j^rts, toys, electrics 
fittings, and saddlery and harness furnishings. This variely (ff appliance 
shows the importance of the industry ; and this is emphasized by th 
fact that, although the average thickness \)i the deposit (even onf th 
best plated cycle or motor part) does not iffifch exceed (it L 

often much less), yet some 500 tons of metallic nickel are coij^uineji 
annually in England for nickel-plating purpofes. 

2. Cobalt, ^his is a much-neglected metal. The neglect may be due 
in par<j to‘tl^ comparatively higtf cost of the metal in pre-war dayep; 
but it is undoubtedly partly ^due to (i) lack of initiative and fehterp^e, 
and (ii) unfamiliarity with the properties of the mfe?al flndefche possibilities 
1 Text-book of Inorganic Chemistry ^ lb20j'fol. ix. part 1. 
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« its use. At the present time there is mo excuse for the latter. The 
produftiod, physical and chemical properties, and possible applications 
of cob^t, have been studied lecently ]|jy the metHUurgists of the Canadian 
QNi^yemment, and the resets of their res^rches are embodied in a series 
of ^blications issued byiblfe Mines Branch of the Department of Mines, 
Ottawa! Canac^a.^ The ‘conclusions of Dr. p. T. Kalmus and his colla- 
borators on the’ subject Of the coMparative merits of nkm and cobalt 
for plating purposes are •to the effect that, < n account of its greater 
Barcbiess audits adyantag^in re^ajd^to some other •physical prd^eHies, 
deposited dbb^lt is preferable to depcftited nicSel. i Moreover, the rate of 
depositioi# of cobsflt fr^m its solutions can be rnpch greater than that 
of nickel baths of Jn^gous ^Bipositi^n. It may be mentioned, 
in*relation to-whatlias beeJ^atd al^ve ab(hit '‘ laingle ” and “ double ” 
nickel salts, thftt Bf. Kalmus indic^^iltliat sblutTons made up of “ single 
cobalt salts (that is, for instance-cobalt sulphate) are mmny.tjjues fastei 
in working than those based up^ fS^e ^ double ” salts cobalt (tTiat is. 
those containing ammonia). An interesting and iijipoifant fact is, thal 
the results of the researches made and the conclusions reached, as em- 
bodied in the reports referred t(t, have T)een applied an(j? confirmed, 
r^pectively, in actual works practice and on a considerable scale. 

^c) Zi9ic 

Electro-plating with zinc is used only for protective purposes. It is 
employed to coat iron articles, and so protect them from the natural 
agencies of corrosion — atmosphere, sea- water, an^ others. The process 
is termed electro-galvanizing^ in contra-distinction to the hot or pot- 
galvanizing method of protecting iron. 

Electro-galvanizing is gradually becoming more and more adopted 
as its merits become better known. The process has had to fight prejudice 
and inertia, as well as to justify its existenc<e in the rnatter of cost. A 
hopeful featurtf^is that, during thfj few ^ears preceding the war, electro- 
galvanizing was gaining ground in the Glasgow and Falkirk districts 
• m Scotland. Outplaters in these districts (by “ outplaters is meant 
those who do not themselves manufacture the goods, but receive them 
fipm others to plate — their business is electro-plating simply) found 
themselves able to make satisfactory profits on the electio-galvanizitig 
of fuch cheap and^crude articles as hot-water boshes, air-bricks, conduit 
pipes, and, large bolts and nuts. During the war much use was made 
protecting sea-planes and mines from the 
coiyosive actiorfof sea-wat(jr. In general, it may be said that, while its 
emplo3anent in this coi^try is very limited as compared with its use 
in AmerieJh «ind on the ^ntinent, electro-galvanizing is steadily ‘gaining 
^r8u»d hefe. It is someA^at regrettable that its advocates should allow 
their enthusiasm to* outrun their discretion. The use of electro-galvanizing 
a means of protection has its lii^^its ; its range of application is also 
limited.^ For iiwtance, steel springs, cycle spokes, and, in general articles^ 
subject to Jben^ion, likely to be harn^ed by the operations of electro- 

1 Nos. 269. 309. and 3.34. * 
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galvanizing. And fuxtfeer, thin method iamot likely to compete succesS"- 
lully, in the matter of cost, with the process in the cash o^jmetal 
sheet. The justifiable applications of elecw-galvanizing are sufficiently^ 
numerous. To the articles meptiofied rfbove thete may be added : 
inside of steel tubes in order to facilitate theMetection of flaws ; Sire e 
strip for flexible tubing, eCcflset fittings, nuts, molts, and washeis of all 
sorts and siz!}i% sad-irons and harchvare of ^milar description ; and 
" many more. i • 

In scientific* aspect; zinc-jjatiif^ hair Jiad much j^tcntion paifl 
to it — outside this oountrf . The rfesearches of Heyn and^baher in Ger- 
many, and of CushiiiaV, Burgess, Sang, and othc^is in *Americaf are w.ell- 
nigh classical. But on*%e subject ^s urgently ^ded, .here 

and elsewhere, for the f matter is b(mn(?'Uj;^ith tfe grefjiT question t)f 
the corrosion of iron and steel afcd^’^ prevention. Jk is,*^ however, safe 
' to say th^* witlinut scientific research apd control (at present conspicuous 
by its* absence), wlcctro-galvanizing ^-^ill^be long before it comes #10^0 its 
own. ‘ ® 


t (d) Co£per 


r 


From both the cleQ^<^o-chemical and electro-metallurgical points ^f 
view, cop]jer has had more attention devoted to it than has any other 
metal, and the same remark holds good as regards botkpufSTTflflTrp^lied'^ 
research ^nd commei’cial application. F. ]<"orst(ir and his pupils led the 
van of pure research, and G. Gore, Elmore, A. Watt, and ot*liers, in this 
country, and Roseleur in France*., arc entitled to claim front rank as 
regards commercial application. 

The developments made during the last thirty and more years in 
copper-plating ha’^e reference/ rather to its application than to its means 
of accomplishment. With the possible exception of the copper sulphate 
and perchloric acid solution of F. C. Mathers, the ordinary copper sulphate 
and sulphuric acid bath is still without a rival ; and it is not easy to 
see in what respects its perchloric acid rival is su})erior. ♦ The ordinary 
“ acid copper bath,” made up’^ of sulphuric acid and copper sulphate 
in proportions suitable for the particular work it has to do in each case, 
will be very hard to oust from its position of supremacy. Nor is there 
any reason why it should be. Its adaptability, simplicity, and cleanliness 
mtke it economical to work and certain in its results. Research into 
copper deposition should be directed to the substitution of some ot&er 
solution for the noxious and difficult-to-work cyanide of copper solution 
that is, at present, indispensable for certain purposes^ So far as the 
writer is aware, nothing serious has been attempted — much less don^ — 
to that end. The cyanide of copper bath, must^,be used where iron (and 
some other metals) have to be copper-plated, since, if sueb* gtiods were 
suspended in the acid copper bath, without hqving a coating* of capper^ 
already upon them, the acid would attack the surface of the metal, and 
the deposit wouH not adhere. The gyanide bath is also largely used for^ 
^ depositifig a v«ry thin layer of copper on various classes of goqjls that, 
‘for purposes of decoration, hav^ to be “ oxidized,” jtS it is terrned.* Such 

articles are : Chandelfer anS lamp fittings, fenders, and fencer orj^ments, 

•• 


I 
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Ifelephone and other electricaBappliances/* buckles and fancy goods, and 
inhmaerafile other things. TpSip (which may consistrof iron, brass, or 
jjOther metal) are given a deposit ofcopjper of scsn*! fifteen to thirty minutes’ 
cNtfation in the cyanid^bath, *then dijiped in sulphide of potash (or 
» aiAipnia) solution in oMer to turn them blue or black, and then “ re- 
lieved,*^ — ^that is, the suiwhide coating on th^ copper is reimvcS. in places, 
usually by mechanical nfeans. Tlie result is called “ oxidized copper ” ; 
it is really “ sulphurized * copper. Since thetyanide solution is nearly 
always used ^ot — aJ)out ‘faO'' Fatir.— ^the fuiri^ that are evol'^c? cannot 
but be ^UTiflms to the health of tn(f workers? And further, the bath is 
very wtflyul, an)J it cannot with any ease or^ be kept under 

control, jfcre is r^om fift V^nch re^’^m*ch. w 

* To dirccl^tteiifion to tll^d^Ltenjj^on otappB^ition of the acid copper 
bath, one haf? o#5V to mention t)i& following instances : Deposition of^ 
wat^-jackots for aeroplane cyliwlers, of seatings for thj lii^r^ of engine 
C)dindc‘rs, of tJi(‘. internal and^xlkrnal coatings of mrelcss condenser 
tubes and of radiator tubes (recently niade succef^ully by deposition). 
The foregoing ar(‘ more r(‘ceiit applications ; those already in operation 
mro too numerous to memlon. In Yvery case some variation iff a standard 
btith of the following eom])osition can b(' (‘mpk)ycd. The variation to 
be made is emi)irical and d(‘pends on the ])artirular case ; but as a stan- 
*darcl*batn, iTffrt’ift, without variation, for many purposes, 
is very seryceable : 


lany purposes, the following 


2 lb. copper sulpJiate (commercially pure and arsenic free), 

0 07. (11.) sulphuric acid, pure (sp(‘c. grav. = 1820), 

1 gal. water. 


((') Iron 

The present position of iron-plating is favourable, but the utility of 
th(^ ])rocess is, so to say, on trial. The war Imis given it an impetus and, 
moreover, ]ias»^lisclosed the negl(*«l- of it jn this country. Its war develop- 
ment is due to its employment in “ building up ” worn parts of aeroplanes 
and, to some extent, ftf armament. It was quicker and cheaper to “ build 
up ” sucli worn and, consequently, undergauge parts than to supply 
ones. By this means a worn crank-shaft, say, that cost anylihing 
from £00 upwards, could be made usable for a very few#pounds. B^n- 
pi^paredncss, difk to lack of encouragement of research, was, however, 
early app8,r(yit. Those engaged, including those in charge, had little or 
no idea as to how to ])roceed to obtain thick deposits of iron by continuous 
deposition, and as little wfis known about the scientific control of the 
processes employed. Ji^ed, it may safely be said that but little is known 
to-day, ifi Miis country at any rate, as to the actual physical nature of 
the deposits formed. Bui; it must, in fairness, be stated that the Scientific 
and Industrial Kcsearch Committee of the Privy Council is encouraging 
a research into this last part of tlie subject. The labolious process em- 
ployed^in the Government worksliops, both in Franc* and*England . 
during th^ -v^ar, wae..to deposit 2 or 3 thousandths of an inch of iron, * 
then a|:hin coat of cojper, then another few theJUsandths of iron, and^ 
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so on. It was onlytowards the-endpf tJie^r thatLieut. 
and oihetsi showed the way to oontiniK^fS^eposilion and the d;taiiiii!l^ 
of thick deposits in one« operatioi^ And .this was so notwithstandii^ 
the fapt that American scientific men had long^o shown how to ob^s 
heavy deposits of iron, whether for refining or jlating purposes.^ ^ * 

^ Thougli 4^^ije diSiculties o^ the deposition pali;* of the process me now 
fairly well knoVn, yet but little is known of tfe nature of the material / 
' produced — its structure, defects, and how far* it can be ca8e-hardened|^ 
heat-trdatbd, and the*^ like.^ One tl)>ng is cert(;iii, as ^e wr^er can prove 
positively by visual^eyidence, naifeely; that th^ article, ewfien plated, 
cannot, or at any rate p most cases should not, Ise us^d unles^and until 
it has received some kiM of,^ioat-tre^ment. uhd^ science control, 
both of operation and tixaminatipn of tle'^oduct, and aided by heat- 
^ treatment, if and wher^ nefcessaryfVron-plating shdfdd^have a great 
future^befgr^ it,^d find a large numbq^of varied applications. ^ 

t r 

^/) Tin, Lead., and Other Metals 


The metS-ls considered in paragraplis (a) to |'e) are the most importanlF 
ones that are dealt with in the depositing shops of this country. Tlie 
electro-deposition of tin, however, finds some application. Much o{, the 
so-called silver-oxidized work is really electroHinffed. " Electro- ' 
deposited tin has also been used to renew the insides of biscuit boxes 
and culinary articles, and to tin ” meat skewers, hooks, and similar 
goods. But its application is not (comparatively) extensive. Lead and 
the remaining metals ^.re even less used in the plating shop. One applica- 
tion of electro-deppsited lead that might well be extended is the coating 
of battery nuts, bolts, and other metal parts by electrolysis. This would 
serve to protect such articles from the acid spray evolved when the cells 
are ch&rgiflg. R^earch on the application of all the metals comprised 
in this group has been almost neglected in this country since the days 
of Dr. Gore. The outstanding jvork (6n the applied sidf), is that done 
by F. C. Mathers on lead and tin and by A. G. Betts on lead, in America. 
The work of each of these authors will be consideilfed in the chapters on 
tin and lead, respectively. 


CONCLUSION 

r 

It will be gathered from the foregoing that the general position, in 
this country, in the matter of that branch of applied electro-metallurgy 
that concerns the deposition of metals is, in%he writer’s opinion, by^no 
means satisfactory. The reason for this is not^r to seek. Apart from 
the question of power and cost, it can scarcely be denied that.one cause ^ 
of the unsatisfactory state of things is the lack of educational facilities. 
This will be evident, probably, from the statements that (1) there is 

only oneJJniversity lecturer on electro-metallurgy in the country, namely, - 
* & 

% * For further general remarks, see “ Electro-deposited Iron : Its Value for Engineering 

Purposes,” Tht Enginmr, Oct. 8, C920‘; and ” The Industrial Future of Electro deposited 
^ Iron,” Tkt Electrician (Spec. Iron and Steel No.), Nov. 6, ® 
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; and (2) t&eie one libolimoSl scl^l that concerns 

cA eeriousUf ^dtih thh itabject, namely, tha^ at Birmingham. 
^Iw^ere at all is such, worft' done tti has been carried out by Fhrster 
'aii4 Ub pupils. TBe cqnl^ueiice is thal^muck of the work done in the 
* skbps is not under sciep^o control ; metl^pds and means ue slow to 
advanc% ; and.p^w idea| often fall bn banen%oil. At t)«^me time, 
experience and long use Jiias tauAt our “ practical ” men to employ 
.tbe present means at theia^spo^l to^uch g^d ef^pt that, a^h|is^been 
said already, the butput of The SheflB^ and Srmingham areas is ^orld- 
famous, and tlis iijdicai^ clearly what might be done if scientific progress 
were enc(fcaged and ea^''^tional facilities were given. 

^ foially\t maj^ be poimej^ ou^ that ^ ^velopment of electro- 
metallur^ m^t l^d to ai^xtenjiDngjf tjjie application of engineering 
plant and machinery, both electrSw and mechanical. The immediate < 
^ sourqp of power for electro-meta^rmcal operations is th^yiAmo,' motor- 
■ generator, or the battery. Mordov^tbe skill of the mechanical engineer 
m the device of the means of carrying out this or thal^lectro-metallurgical 

f rocess is, not seldom, tho^actor vpon whidi the success or failure of the 
^ocess depends. 



^CHA|T^R 

THf'lORY 



rilHB principal obj^it fj^thc prwont^ chlfpter is fco assu^ engineera, 
J_ especially, and otljcr.^Ifrf efUfitstanlffig who i jrectljp or indirectly 
« may be in control of electro-deposilwon processes, wlether refining or 
plating. <r}ie \^y in which it is ptoj^sed to do this is to set o^t, in 
general terms, rust so much of^ tl^^ tfteory underlying such processes 
as enables one to .fiipervise them witli a scientific understanding, and 
thereby efficiently and economically, to conj^rol the operations of the 
workshop. ' Details will be avoided : the subject will be treated in h 
general way, so as to b(5 applicable, not to tliis or that particular one, 
but to all metals. 


THE LAWS OF ELEC^TKOLYSIS 

The two most important natural laws with which the electro-metal- 
lurgist must be famijiar are : Ohm’s Law and Faraday’s Laws. To- 
gether with these he must be acquainted to some extent with what is 
termed The Ionic Theory. ' 

A knowledge, even partial, of this theory, enables one to form a 
mental picture ojf the* mechanism of tlic electro-deposition process, and 
to account for the phenamona connected with it. The theory may 
or may not be wliolly accordant with*- all the facts : at •the very least 
it is a useful tool. It answers much the same imrpose to the^electro- 
metallurgist a.^ the conception of the ether arid, latterly, the idea' 
of relativity serve to the physicist. A. Hollard,^ with much point, 
says: ^ . . . f. 

“ Cette liypothese, comme toute hypothese, a droit a notre cr6dit 
si elle est fructueuse au point de vue des faits qu’elle^xplique et qu*felle 
fait pr6voir. Envisagee a ce point de vue, il est incontes^aye qu’elle a 
permis d’expliquer et de prevoir un nombre considerable de faits, entre 
lesquels on n’avait su discerner auparavani aucune espece de relation. 
Que peut-on demander de plus a une hypoth^ ? On ne saurait exiger 
qu’elle* xepr^sente la forme definitive et invariable de la vefite. Tout 
au plus, une hypothese peut-elle etre une vqe partielle de la ye^itS ^ 
laquelle, comme le dit tres justement Dastre, Tesprit humain ne pent 
atteindre que par des approximal^ons successives ? Au surplus, les 
hypotheses soAt generalement provisoires et le plus souvent imp^rfaites ; 
lettr principale raison d’etp cV^st lour utilite.” • 

^ La iMorie des iom et Velectrolysey 1912, p. 4. (Glfirithicr-Villars, Pali's.) 

lO 
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L 9$m*8 Law 

• ' • ji 

this law and appfcations are sufflbientlj familiar to all electrical 
engineers $nd students , 0 ^ science. Nothing more will be saj^ of it. 

Before, fcj^ing S^fatJay’s Laws nrtke mo^rn text-book form, it will 
be Jbotli jbtetestii^ am instructive ^o gQjto^the fountainhead, and to 
consider a mon^nt h(fvi^Faraday,Jumse&u)okf of them. He tells. us i 
• “In thc'^^st jmrt of thii^Qj^rchcs,. after 'proving the identity of 
electricities deriwtfd from dihere®! ^urcos, and showing, by actual , 
measurement, the extraordinary quantity of clectrici^ evqlved^ by a 
verySeeble voltaic arrangement^ aYicmnced a law, derived from experi- 
ment, which seemed to me of th(f utmost importafi^e ^o the science of 
electricity in general, and liat branch of it denominated electro-chemistry 
4x1 particular. The law \v7is ox|>r<'4^sed thus : The chemical power of a 
current of electricity is in dir(;ct proportion to the absolute quantity of 
electricity which passes.” 

• This he caS:;;'^iE Doo'I’htne of Definite Electro-Chemical Action : 
in the text-books it is often referred to as the “ First Law.” farther on, 
Faraday cofitinues : * 

“Then, again, the substances into which these” (i.e. electroljdies) 
“ divide, under the influence of the electric current form an exceedingly 
important general class. They are combining oodios ; are directly 
associated with the fundamental parts of the doctrine of chemical affinity ; 
and have each a deffinite proportion, in which they are evolved during 
electrolytic action. I have proposed to call these bodies generally ionSy 
or particularly anions and cations, according as th(;y appear at the anode 
or cathode ; ai*d the numbers rejm'sentiijg the proportions in which they 
are evolved clccfro-chcniical equivalents. . . . Electro-chemical equivalents 
> coincide, and are tlie same with ordinary chemical e(][uivtilent8.” ^ 

This doctrine of Electro-Chemical Equivalents is, in text-books, 
o^ten called the “ Second Law.” 

Such is Faraday’s way of expressing the two facts he di8«)vered whiSh 
coimect electricaSju^ith chemical action. These facts, as stated in text- 
books, rea^ somewhat as follows : 

(1) A definite quantity of electricity (coulombs), when passed through 
an electrolyte, does a certain, fixed, maximum amount of chemical work. 
In the case of a solution q^a metallic salt, a definite quantity of electricity, 
when pas^df through the solution between two electrodes of thb same 
as that contained ^n the solution, can cause a fixed, maximum 
amount of the metal to be deposited at the cathode, and an equal amount 
to be dissolved at the anode. The ipaximum amount of metal deposited 
or dissoljred, at the cathode or anode, respectively, is fixed by the quantity 

* Eiejpnimtniai Researches in Electricity. (Evertma^’s Lilirary, published by J. M. 
Uent & Cql) 
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of current passed.^ Lessf may deposite^r dissolved ; but mQre cannot 
Thus we have : 

IWlS’^PAT./ -.P _ /^TTA XTfTTmTr rt-n T?.T Ta/^mT»T/'iTmtr 


oc Quantity ob- Electricity. 

(2) Conside^g only solutions of ^ salts of xhe metals, if the same 
quantity of electricity bekpassed throijigh solutions of different metals^ 
the amoufits of the metals} depositt^ /when t£e maxipiums ^re liberated) 
stand to one another in the r^‘‘*^>s oi the equivalent weights/bf the metals. 
Thus, suppose a quantity of eiectri[city, Q, say., is passeftthrougF solutions 
of the metals A, B, t . f*. (convenie ntly artangec^ in sei^s). Then 
the maximum amounts ^oi ^e ^e^ls *t5feainable ^lay Xe expressed, 
I inter se, thus : ^ 

Wt^ : Wtn ^i-^Wto=(Equiv. wt.)^: ^^quiv. wt.)^: (Equiv. wt.)<^ 

It is the same at^th^tinodes : 


(Amt. dissolved)^ : (Amt. dissolved)B :1 (Amt. dissolved)^ 
=(Equiv. : (Equiv. wt.)B : (Equiv. wt.)o. 

A real familiarity with Faraday’s laws is of g-eat importance in many 
ways in p;ractice. Two instances may be given : 

(i) They assist the operator to maintain economic control. 

Expense is no great matter, perhaps, where only one or two small 
vats are at work. But where, as frequently occurs, the plating shop is 
large and a number of large vats are employed, the cost of power becomes 
of importance. If. may, in certain cases, e.g. electro-galvanizing, deter- 
mine whether the electrolytic process can be economically employed or 
not. In the case of the large shop, or where the process has to run near 
the econoihic limit or is competitive, as in refining, Faraday’s laws assist 
in this way. One may imragine the operator to soliloquize : “ My power 
bill for the quarter is heavy. .Ami gating full value for-^the electricity 
used ? Or is there a waste anywhere ? Faraday’s laws tell me that 
for my current-consumption I ought to receive in deposit (sc) lb. of metal. 
Am I getting it ? ” It is simple for him to test for himself. If he puts 
together a small (say 3-gall.) bath, using solution from one or other of 
his vats, pastes a certain current (measured on an ammeter in circuit) 
for a certain time, and weighs the cathode both befor/^and after passing 
the current, he has all the data necessary for calculating,^ on the basis 
of Faraday’s first law, whether he obtains what he ou^t to get for the 
quantity of electricity passed. And obvioiisly, if experiment tells the 
operator that he is getting only three-quartej^', say, of the amount oi 
metal fliat ought to be deposited, then there is a waste of ^ower some- 
where, and his power and process are costing too much. This sftnph 
operation can b§ extended to each vat in turn. • 

In t^e cycle, motor, and also most other works where nickel-plating 
is done, there‘used to be a great waste of electricity. The nickel am- 
monium sulphate solution wa» almost universally employgd.^ No^iv, the 
amount of nickel thaff can be deposited from this^olution, undei^^ven the 
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best woiksliop conditions, rarjK exceeds 60 to 85 per cent, of the maxi- 
mum^ the remaininff 20 to IjB^r cent, of electricity \hat goes through 
the solution causes liberation <if ' other substances than nickel (metal) 
at the cathode — sflbstaiHes which, as, fbr instance, hydrogen, may be 
' harmful to the deposit ea well as the cause gf increased costy It is clear 
that iif large afcto.ps, conjoining fifty or so ^atfe, consuimj:^ jome three 
hundred or more watts pe|; hour, thb loss from the cause imicated became 
considerable. ^ * # • . 

It is nqt to easy to ptt6 Farada 5 |l laws tft experimental use 6n the 
anode side or a nlatlS^ vat. • For ordinary workshop purposes, it is, 
perhaps, ^tter uot to fi j to do so. It is preferable, in this case, to note 
wjiether o^’s genial ano^^QnstfflfiptioTa ^re^onds to the electricity 
used, using S^rad^’s lawsTof ;jji^\t|rpo«jb. Jn another soliloquy the 
operator may saj' : My ancd'e mil over the six months is £a;, and I« 
ha vet used (y) units of electric^ • the anodes must lor should^ have 
dissolved into the solution. I^lA amount that whicm Faraday’s laws 
tell me (y) units of electricity will dissolve in a solul^Bn working at maxi- 
mum efficiency ? ” • 

^ (ii) The evalmtion of the working efficAcncy of a solution. 

The second instance that will be given of the Anployment of Faraday’s 
.laws in workJi^ pra(fbice for general control purposes concerns tlic 
installation foTffis or that purpose of new solutions, previously unknown 
as regards tlieir working properties and value. When a new solution is 
proposed as a substitute for one already in use, the following matters 
{inter alia) should be considered : 

{a) Will the deposit be, for the purposes required, a better one than 
that already obtained from the solution being used ? • 

(h) Is the solution proposed easier to work and control ? 

(c) Will it be more economical ? 

(d) Will the deposit required be obtained more .quickly ? 'If the 

answer to this question is Yes, then the capacity or output of the shop 
will be increaVd. * • 

Something will be said about (a) later : (c) and {d) are the considera- 
tions to which attention is drawn immediately. 

One solution is less expensive than another to work if it is more 
(Efficient. It may also work more quickly because it is more efficiqpt. 
Tlje efficiency, a* compared with the old solution, can clferly be deter- 
mined by passing the same current for the same time through a small 
(3-gall.) v%t‘of each — the old and the new solution, the vats being in 
series, and by weighing and comparing the weights of (1) the deposits 
and (2) the anode losses. Ii the new solution is to be tested (and it ought 
to be) in, respect to whether it gives full value, at anode and cathode, 
, for newer cSonsumption, then the procedure can, of course, be as given 
in ^). But supjgose n® sufficiently accurate low-reading ammeter is 
available. It do^ not matter, for, in this case, one^can take advantage 
of a knowledge of Faraday’s Law II. Thus : Place a small v^ (3-gall.) 
of the^new solution in series with a copper coulommeter.^ Pass any 

^ CouynSneiHr is the name now often given to whit ns^ in general, to bo called a 
voltamew^r. The name wa#f it is believed, proposed by F.^. Perkin. 
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appropriate quantity of curreift tWu^^jfe two, and weigh the d^^its 
Then we know tnat, according to P^ad^’s Law II., the fonSwmg 
relation : 

* Dep. from new soln.^Equiv. wt. of metal in new soln. ^ 
Dep^rom couloiji. "^Equiv. wt. of copier (divalent) , 

should hold, i^hc new solution is giving fu^ value. ’ If the quotient 
on the left of the e^uati(^ does not ^ual tfcat on the right, then the 
deposit from the new solufon fallf^|W)rt in amount from tip jnaximum ; 
and a simple calculation shows the amount by wjlich it Mis, and hence 
the percentage loss in the working^of the solution. 

If the anode side is^con^ered, ane bjjs^^ • 

Lossfof liflod^ii ^^cw soln . ^ 

Loss of anode in coulom. 

It may be mbiitioned that sycl/’dSfe^rminations as tliose indicated 
are usually referlii(JJ,() by electro-mefallurgists as estimations of anode 
and cathode efficiencies, which arc stated in pcpentagcs of the theoretical 
values. The calculations from the experimental data are matters of'" 
simple arithmetic : the recessarj’' constants (electro-chemical equivalents, 
Btc.) can be found in any good text-book on celectro-nietallurgy (wdc 
list of References at the end of this chapter). 


ITT. The Ionic Theory 

Another name for this theory is the Theory of Electrolytic Dissocia- 
tion : more occasiona41y it is rehirred to as “Arrhenius’ Theoiy.” The 
theory, though not due to Arrhenius, the Swedish physicist, received a 
Treat extension and development at liis hands. In 1857, R. Clausius 
lad already put forward tlie explanation that, to account for the pheno- 
iiena accompanying the passage of electricity through electrolytes, it 
vas necessary to suppose that some of the molecules of the dissolved 
iubstance were split up into «om])onents which carriel the current 
ilirough the solution. Tliirty ye«;irs later, 1887, Arjhenius, as the general 
'esult of a prolonged series of investigations, published conclusions to 
he effect that, not a few, as Clausius assumed, but the majority of the 
nqlecules were split up or dissociated. One cannot do better than refdl 
o Prof.^ J. Walker’s explanation of the position. Qu^ing Maxwell,, he 

‘ Now Clausius supposes that it is on the constituent molecules 
n their intervals of freedom that the electromotive force acts, deflecting 
hem slightly from the paths they would otherwise have followed, aftd 
ausing^the positive constituents to travel, on^the whole, mQre in the 
)ositive than in the negative direction, and the negative constituents 
Qore in the negative direction than in the positive. The electromotive 
orce, therefore, <does not produce the disruptions and reunions of the 
Qolecule^ but finding these disruptions and reunions already going on, 
b mfluences the motion of the constituents during their internals of 
reedom.* ” ^ ^ • 

> IrUroduction to Pli^ical Chemistry, 4th c^., 1907, i^»339. (Macmillan!^ 
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Coiiunentm^ upon this pas||tfe from’Maxwell IWt* ♦ 

*** !lhe constituent nioleciil^^l^ferred to in tht? ' p, of 

csourse, the positive and negntiv^ra^^cles of the dissoivea salt, i.e, the 
kation and anion df wh^ it is assumed«to be composed. At any one 
♦time, then, we have, on tiie hypothesis of Clausius, some portion of the 
salt moiecules split up’ilito their constitu^t'»ions, which, -^^ith their 
electric chargesf move towards thei appropriate electrode^. It must be 
observed that this partialM^^^tiop of the dissolved substance is the 
normal condition o^tho IW^Iid, anc^il^ts wftther^there is ah electric 
current pasSin^ througJ> the solution or not. All that the electric forces 
do is to (liifcct the (Associated charged ]yodud3 to the electrodes and tliere, 
disclkirge them. ¥othin|; .been, said ihe proportion of the 
dissolved^ su&^anc(^w}iieJi iraRs(?TOa;^ inji) i(ms. For the pur]>ose of 
accounting for tiuf validity of Ohm^'Iaw in electrolytic solutions, a very 
small^proportion will suffice, jinraded tlia'u the small quantity is always 
regenerated by th(‘. acticui of thif m\lef;uh;s without any interference of 
the electrical forces. In })ro])oi‘ti()h as the free ioLV'^rc removed from 
the solution at the electnxjfi's, Clausius sujmoses them to be rt'generated 
by the collisions of the undissociated molecules, ^ so that the ])rocess 
of conduction and electrolysis goes on. If we ari* to give the hypothesis 
definiteness and precision,, however, we must take account of the relative 
quanfities of tlT^lcctrolyte in tlie dissociated and undissociated states. 
The manner ^of doing this was first ])ointed out by Arrhenius,* and it is 
to his hypothesis of electrolytic dissociation that we must resort 
if we wish to explain (piantitatively the phenomena exhibitiid by 
electrolytic solutions, wlu^tlier during electrolysis ^r in their ordinary 
state. , 

“ Arrhenius sup[)()ses sulistances which give solutions that conduct 
electricity freely ^ to be abmd culin'h/ split up into their constituent 
ions, while solutions which yield solutions of feeble cpnductfvity “ are 
supposed by him to be split up only to a very* small extent. In fact, he 
propos(;s to nP]|isuie the degi‘(‘(‘ df dissociation of a substance by the 
conductivity of its solutions. On his hypothesis, only those molecules 
^ which arc split uj) intA th«‘ir constitiuait ions play any part in the con- 
duction of electricity, the undissociated molecules remaining idle. It is 
ol^vious, therefore, that the conductivity of any given solution depends 
on two factors — the number of ions in the solution, and the late at whicli 
the^e ions move. \ro simj)lify matters, we will, in what follows, only 
consider univalent ions, i.e., those derived from monacid bases, mono- 
basic acids, and "the salts which they form by mutual neutralization. 
Ev(iry ion derived from thc?5e substances has the same charge of elec- 
tricity, i.e., I faraday ]^r gram-ion. Since each carrier of electricity 
has the saliie- load, the quantity carried can depend only on the hUmber 
T)f caAiers and on the spee^ at whicii they move. Now, the rate at which 
the ions move may ... be determinecl from the work of Ilittorf and 
Kohlrausch.” 

• 

^ C!f.,the quotation from G. D. Hinrichs —given l^low. 

E.g. s(^t!!on» of mineral acids, alkali bases and tip inoi^nic salts of the metals. 

® E.g. \#ater, solutions of^jpimonia, boric acid and most fl^^anic salts. 
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But interesting though, they are, t^e matters cannot be discussed 
in this chapter. ( o 

It will be seen that this extracf frofip Professor Walker’s book makes 
clear, the distinction between Clausius’ and Arj^henius’^ views. Clausius 
supposed a few only, Arrhenius a great number, of the molecules of a< 
dissolved Wbstance (wkicff, in solution, coijcTucted electricity freely) 
to be dissociated into electrically charged bodies called ions. Of course, 
it is not to be assumed that the ions, once f^med, retain a continually 
separate existence. ' On ^^e baset of tee loCiic and^ Kinetic theories, an 
aqueous, conducting solution may be looked upon as consisting of an 
immense number of particles cqmprised (1) of molecules c/ the con- 
stituents, and (2) of ^ons-^ormed ^^rom the iUdivid^al molecules / the 
whole of the particles a|;e lit motion, th?»' velocity /averse) dependihg 
chiefly upon the temperature that' Xibtains. An ioh< that has, at one 
instant, a sepai^te existence, may anyvdiere meet an oppositely charged 
ion, unite with it, and so form aj^cc/npWe, electrically neutral molecule, 
which, again, in'lixaf^ becomes split u^ into ions. But on the whole there 
will be, at any instant, a certain considerali^e proportion of separately 
existing ions— the proportion depending upon such factors as temperas* 
ture, dilution, and so on. 

On careful consideration the foregoing extract sliows also the relation 
of Faraday’s laws to the Ionic theory. The ions are diwirically charged 
bodies : the charge on each is definite and fixed. That is what Faraday 
tells us. He pointed out the quantitative relation between matter in 
the dissolved state and the electric charge associated with it : 1 gram- 
equivalent (Le, equi^^lent weight in grams) is associated with 1 faraday 
of electricity. H^ence, 108 gms. of silver, 31*5 gms. of copper (divalent, 
as in the acid copper bath), '63 gms. of copper (monovalent, as in the 
cyanide bath), 32*5 gms. of zinc, 29-5 gms. of nickel or cobalt, and so on, 
are associated wjth 1 faraday of electricity. It is thus easily seen how 
it happens that the passage of a definite quantity of electricity through 
a solution results in the separation of a definite quantity of a metal at 
the cathode (provided, of course, the current is all carried by the metal 
ions), and, further, why the amounts of two metals liberated by the 
passage of the same quantity of electricity stand to each other in the 
ratio of the equivalent weights of the metals. It may be stated h^re 
teat the absolute quantity of electricity associated with 1 gram of hydro- 
gen (in the ionic state), that is, 1 gram-equivalent, y!^96,500 couloiftbs, 
which is equal to 28,950 X 10^® electrostatic units.^ 

The following pictorial representation will help one to visualize the 
phenomena : 

MeAc is a molecule of, say, some salt. 

Upon solution in water, we have, assuming the metal to be monoyalent^ 
on the Dissociation theory : 

^ Me+* and Ac” ; 
if divalent, triv^alent ... we have 

Me+‘'' and Ac““ (or Ac” + Ac“=2 Ac“). . . . , 

‘ Of. Arrheni^TAcoftetf of Chemistrij, 1907, Pt,02. (Longmans. 
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?7«on passing the currenty have :i , 

Ac- 

Anode 

Ac”— @= ,Ac ^ 

(peutral, liberated) 

(i) That if Me (the metaj^ is dot ^.^lietal likf copper, zinc . t . bit is 
sodium, potassRim, * • • then, instead of being deposited (from 

aqu^us solution) uJ)on discharge, it reacts with the water of the solution ; 

^ if it be hydrogen, a| in acid\olution,,the hydjogejfi is liberated as a gas. 

* *(ii) Ac (th^“ aci^ radical-?]^ so chof^n im pl£||ting solutions that, upon 

discharge, it unites with or dissohCl* tne stbstance of the anode, and 
^thus Ijie solution becomes replenished with metal. And j}his, it is' to be 
noted, is the very best way in wliicX to replace metal deposited out at 
the cathode : it is far better than the addition of m^HlSc salts. 


Me+ 

Cathode • ^ 

^ 

Me+ + © = Me y 

^ (ijputral, dcj^itod) 

It is to be noted : • 


THE MECHANISM OF IONIZATION 
IIiNRiciis' View 

• 

A question arising out of the foregoing considerations — a matter 
upon which something has already been said, but which cannot be con- 
sidered in any detail — is the following : If the mqlecules (or many of 
them) of a dissolved salt are split up into ions, how does this come to be ? 
As a starting-point of study the reader may, after noting Clausius’ view 
(quoted above), be referred to a paper by G. D. Ilinrichs, which appeared 
some years ago in the Camples Rendus, but which seems to have attracted 
very little attention. The paper is entitled “ La^mecanique de Tionisation 
par solution,” ift^d in it the author *gives l^e results of his investigations 
upon “ la mccanique de I’acte de solution.” The general conclusions 
'*’may be stated gen(‘raliy in Hinrichs’ own words : 

“ Le frottement de molecules rotatoires de Teau, isolant 61ectrique, 
produira de IVHectricite statique. Les deux electricites, positive et 
negative, sont produites en quantiles exactement egales. Cette electricite 
ne ]?ouvant s’echaj^er a travers Fcau isolante, les deux atomes de la 
molecule du sel en sont charges : Tatome de sodium re^oit Telectron 
positif ; Tatome dG chlore, Telectron negatif. Par cette acte la combinaison 
chindque de ces deux atomej? est dissociee, et- les deux atomes, chacun 
charge d’un electron, soni devenus des ions.^ Si la solution est assez 
(hluee, chaque molecule du sel est entouree d’un tres grand nombte de 
molectRes d’eau non condijictrice ; done les ions produits seront bien 
isol4s, et pourront ^ mouvoir assez librement sans perdre leur charge 
41ectrique. Mais, si par la solution de plus de sel, le nombre de molecules 
d’eau pottr chaque molecule de sel est diminu6, I’isolatioil mol6culaire 

^ ThiR*roquii(>8 ijj^odifications in the light of prcsen«-dav knowledge. See The Electron 
Theory, by Elfl&^ournier d’All>c. 1906 (Loncraansl : and OlmnterJft.. voat. 
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m flduticm qtn ^eia ionisd feSnu^ &pid[ei^|^ 
m ta solution. 11 n*aura ionisation comfit^to 
“ Vpia 1ft fnt.«jfimftTit, pn.iiS^ a 
Bundle. La rotation des fnol^ules dil^^mexisniie ^fieotde 
riom8ati<ft;v,en m^me tenms. Done lliypotl^e Arrhenius .^tjctevenuc 
un th^or^me d6montr4 de fe m^cjanique mol4c41aire.” • " 

Without expressing any opinion upon Hinrichs* views, the present 
author cites them fcs coigbaining |nuo]S foodfifbr thouj^ht in regard to the 
question put above/ 


THlg A^D OF^THE mORbSCOPE 

On referring above to tie pcfintd^that should bex^rn? in mind when 
considering the introduction of a new solution, it was mentioned that 
regard should be had to the value ^r ^.rviceableness of the deposffc with 
reference to thes jjgrposes which^tms^has to serve. If the deposit has to 
serve as a protector to the underlying metel, as is the case with 2 dnc 
(and sometimes with tin and nickel),^ it musfnot be porous. If, as oft^ 
in the case of iron, thQ object of the deposition is to build up a won? or 
under-gauge part of some piece of mechanism, the deposit must be 
solid and homogeneous and without impurities; iWaust not contain 
cracks aiid fissures, and must adhere firrdy to the base metal on which 
it is deposited. Similarly in other cases. * 

There is only one really satisfactory way of controlling the structure 
of deposits and, consequently, from this point of view, the deposition 
process. The one so&nd method is that of the examination of the structure 
of the deposited' metal with the aid of the microscope. UUUided visual 
examination is quite insufficient. A deposit may look to have the qualities 
desired in it ; but it will often be found wanting, when the microscope 
is employed. Such contrql is, of course, recognized nowadays as essential 
in metallurgical works : all (or, atoany rate, most) iijjportant worfcs 
contain their metallographicai equipment. But little^has been done, 
in practice, in connection with electro-deposited metals. However, 
things are improving. In Germany and America researches have foi 
some few years past been proceeding with a view to determining the 
delation between structure of deposit and conditions of depositmn. 
References to some publications containing results ^such inquiried are 
given in Chapter XI, In this country very little work has been done ii 
this field of research. 

The general results so far obtained, and which have a practical bear- 
ing, may, perhaps, be summarized thus : 

, l.#Here, as elsewhere, things arexiften o^er than they seem: ai 
apparently good deposit may contain hidden defects. o * 

2. JThe structure of deposits varies with the „dif[^eht bkctors o 
deposition, such as current density, composition and strength of: th< 
8qlqtic& ui^ movement or agitation of the electrol 3 iie, and so on. 

S* The relation between type of structure and conditions of depotitinx 
seems, i^r any oPet^artbiilar metal and type of solutibn^to be fixsed 
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%o m&hoims tlie conditions wMck give a deposit having a ce]^!n 
stmotiiirCi tsm can, by controlling the d^sition conditions accordizigly, 
obtain n deposil^ of the structure desi^d! 

A few instances will now be given Aat will, it is suggested, shew 
• the utility oi the aid of -the microscope.^ 

Fig. 1 Aows a polished and etched section of electro-deposited iron. 
The deposit lookm sound ^ough when taken from the bath ; but upon 
examination under the nflcroso(jpe was found to contain many such 
oxide inclusions as the one ^en in tjje photoglyph. * ^ 

Figs. 2 rfn(h 3 show^the difference in structure between two deposits 
forped under all the same conditions ^f deposition, except that m the 
case of Fig. 2 the catho^ receiving l^e deposit was stationary, whereas 
in "that of Fig. 3 it was Evolved. The photlgrjphs make clear how the 
structure is modified by agitation St the scflution or movement of the 
cathOj^e. 

Fig. 4 is a photograph of a deposit of iron (magnified 100 times). 
This snows the normal structure possessed by an iron defjSsit when formed 
in a neutral solution. . ^ • 

Fig. 5 is a photograph of a nickel deposit formed in a solution con- 
taining a large amount of nickel (metal). The current density was 18 ' 
amperes per square foot. It will be noted how small the grain of the 
ffietaPis.2 This type of structure is obtained in the cases of copper, 
iron, or zinc, only when either special conditions of deposition are em- 
ployed (as in the case of the deposit of Fig. 3, where the cathode was 
moved), or, often, where a considerable amount of free acid is employed. 

Fig. 6 shows a fracture of a cobalt deposit. Thi| is of special interest 
when compared with Fig. 7, which shows the fractured gurface of an iron 
deposit. The deposit in the case of the iron is conchoid,al, as the petrolo- 
gist calls it ; and, as has been pointed out by C. F. Burgess, this is a 
characteristic common both to many electro-deposits^ of iroii and to 
certain minerals that occur in nature, suchi as hematite. Although 
somewhat similar to the iron, the fracturg of the cobalt deposit is not so 
clean : this is notable in many cobalt deposits. 

► Very many other e^mples could be given ; but sufficient have been 
shown to make clear how much can be learnt from an examination under 
thq microscope of electro-deposited metal. * 

SUMMARY 

The author has attempted to explain in the foregoing those natural 
laws which are the basis of aHwork on metal deposition ; and an endeav- 
our ^as been made to indicate how a knowledge of them, together with 
an understanding of the modern view of electrolysis, enables one tq exer- 
cise formed control over the process of deposition. Such control can 
be^xfended and assured if the operator knows the conditions that give 
rise to this or that structure of deposit, or, in other words, has informa- 
tion which enables him to correlate deposition with structuje. 

^ CSispter XL, in the structure of deposited metal is considered in some detail, 
will Mrfaaps be Sf^ntexest at this point. 

* The n^gnification is : x J600. 
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Perhaps this chapter may be fitly concluded with the sage advice 
of Le Blanc : Ich habe bemiih/j, nach Moglichkeit allgemeinverstandlich 
zu schreiben, mochte ich aber bemerken, dass fiir den, der mit geringen 
Vorkcnntnissen an das Lest a . . . herantritt, ein ernstes Studium 
erforderlich ist, um rechten Niitzen da von zu haben. Es gibt in der 
neuen Elektrochemie g'^-wisse Anschauungsweisen, di^ sich ein jeder 
zu eigen inachen muss, und dieses v^llige Ajieigen geht'eben nicht ohne 
Arbeit.” ^ 
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CIIAPTKR III 

• • 

PUAt’TK'K:"l*Uh:i‘ARATION fjl'’ TUK WORK 

I rilHJS chaj)tt*r is iiitviuied to assist oncjiioors (‘spocially. Its rhief 
£ o])ject is io^sk(‘t<‘}i, in a ^nnu-Ya] way,) the ])ra.dical oja^ratious of 
tlie workshoj) that have to he earned out in coiiiuTtion with the electro- 
dej)o;4tioii of metals, and, niort* ])arl.ieularly, in connection with el(^ctro- 
plating. Some exjilanation of the scientific bases upon \^ch tlie practical 
jirocesses rest is given ; a knowledge of an^l familiar accpiaintancc with 
the foundations is essential, if the work is to he conducted under j>rop<*r 
control and with the greaf-est etliciency. As stated, the subject will be. 
treated generally; (let;|ils of the processes described, applicable in 
liartic^ilar cases, will be reserve<l for the pn‘S(‘nt. 

The jirocesses of [iractical elect.io-deposition may be classitr(*d under 
three headings: (1) Pn'paration of the work for tin; vat ; ^ (2) the 

deposition jirocess itself; and (‘1) “ linishing ” the work. The latter 
two oj)erations will be treated in the next chaptt*’* 


CLEANING 

'riie whole success ol the process of electro-depositiiyi depends ujion 
the manner in which the work is ])re|)ared fordbhe vat. If tli(‘ condition 
of the surface gf the article is not orVain, then the deposit will not adhere. 
By the word “ dean ” is meant- not clean to the eye nuTcly, but — really 
ch*an. For good adhcMcmce, the snrfa,(;e must be free from all gr(‘ase, 
dirt, oxide (“ scale ” and rust), and liquids from vats through which the 
work has passed on its way to the plating tank. This essential condition 
precedent to good results cannot be too strongly or too o^ten insisted 
upoii. 

In order to make quite clear how important the cleaning operations 
are, it will be useful, and also interesting, to conside.r, undiir a sub-heading, 
upon what factors the adherence of the deposit to the base metals depends. 

The Adherence of Electro-Deposits 

Just exactly in .what the adherence of a deposit to the base metal 
consists is unknown. Some authorities appear to think that there is 
formed ^t the junction, base metal — deposit, a thin layer t)f alloy con- 

* In plating-sTigp parlance, tlie term “ work ” denotes tke articles that are deposited 
upon. Thc^word is very commonly indeed used with that sig^^ifl^:^ltion ; it is a short and 
tonvenient term, and will lx: u?ed here. 
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sbt&g ofthe two> If any suet alloy is fonned, it is beyond tie limits 
of visual observation, even wnen tms is ^ided by the highest Jtowers 
of the microsbope. The present Writer has ijsed magnifications up to 
8000, diameters (obtained by the aid of a 2 mm. oil immersioin, Zeiss 
apochromat objective), |ind yet failed to detect any appearance of the 
existence of an aUoy. But such evidence, though negative, does not 
prove the non-existence of it ; it is, howe\ ^r, such as to cause other 
reasons for the adherence of deposits t6 be looked for. Other authorities 
attribute the adherence 'to cohesion between the molecpleg (or atoms) 
of the base metal, and thop of the deposit— cohesion of the kind that 
causes the molecules (or ai|oms)‘of a piece oiany solid matter to hold 
together. It would seem mat onb or other oiHhese causes must efi^ct 
the adhesion of the dephsitj^d metai ; perhaps both a|*e operative. It is 
difficult to conceive any other cause. In any case it is clear that, unless 
the molecules (or atoms) of the base metal and the deposit can‘^come 
within such closf, proximity to one another as to be within the range 
of action of the forces of alloying or cohesion, there can be no adhesion. 
And it is equally clear that, if some1;hing comes between the molecules 
(or atoms) of the base metal and those of the deposit, keeping the two 
apart, then the requisite proximity is not attaped. Scale, rust, grease, 
oil, and the like, on the surface of the work, act as such partitions or, 
perhaps," one may say, isolators, and, consequently, where these are, 
there is not, nor can be, any kind of union between deposit and base 
metal. The intervening substance may be of another kind than those 
just cited. A typical example will help on this point. Suppose one 
wishes to deposit nickel or iron, and, for one purpose or another, it is 
considered necessary to deposit first a thin layer of copper on the iron 
before putting the work in the nickel-plating solution. (This, as a fact, 
is sometimes done, though in most cases it is quite unnecessary.) In 
order to “ coppbr ” the >york, use must be made of the solution Imown 
as the cyanide of copper bath or, sometimes, as the “ alkaline copper 
bath.” ^ When the work has deceived its coat of copper in this, and is 
taken out, its surface is covered with the copper solution, and it must 
he swilled in water to remove this before being suspended in the nickel 
solution. But rinsing in water is not sufficient, if safety is to be assured. 
‘And for thi^ reason : All metal is porous — some, of course, more than 
other ; some of the cyanide solution has got into the pores, and«it is 
not removed (at any rate, completely) by rinsing. The consequence is, 
that, when the work is put into the nickel bath, a chemical reaction 
tekes place between the cyanide and the nickel solution, and a solid is 
separated as the result. This solid acts as separator between base metal 
and deposit, preventing the adhesion of the tWo. 

The photo-microOTaphs, Figs. 8 and 9, show this. AH the details of 
the pwparation of tne two articles for the reception of an iro^ d^)osit 

^ C. H. Desch, “Beport on Diffusion in Solids,*’ Brit, Assoe. Rep,t Section 8, 1912; 
H. Schldtter, ‘iDie Haftintensit&t und Le^erung electrolytisober Metallniedersohl&ge,” 
Ohefn, Ztg., 1914, voL xzxviii. p. 289 ; G. Gore, ElectrO’tnttaUurgy, 1906, p. 47 ; and 
F. HaW, Traw$, Amer. Blectrochetn, Soc., 1902, vol. ii. p. 189 ; aep especially the dis- 
QiiSsloB at the end of the paper? pp. 193-196. * ‘ * 

^ t in contradistinction to the add copper bath. 
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Fi<;. 10. X IfMKK 

'I’lic liioh injijiiiiftealion shows that the deposit must he \t“iy lliin— 
at the part represented not inueli more than O'dOI" tjiiek. 
This is ty]»ical of the iiiekel ]datin^ on eyele woik. 



Ki*;. 11. X Lm 

Tlie outer edfje of the deposit, wdiieli was not more than 0 0015" thick, 
blurred in the plioto'jraph. Tliis js due to “ rounding” in ^le 
polishing ])ry(:ess. Tlu? lioles in the dei>o.sit are notable 
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in tilie two oaseS) except that in the case of .the artide 
(A ‘Figi was not swifled in an acid solution in order to ** kill ’* the 
cpnide of copper that had got into the nores of the metal, or, perhaps, 
was not all removed from its surface in the water swill. As a result, the 
deposit ^ not everywhere adhere in this^case. Figs. 10 and 11 are 
^dto-micrographs that fiurther and still ^mOre clearly illustrate the 
non-adherence o! depositea metafli that may occur through defective 
cleaning of the base meta^. The photo^aphs shpw different parj^s of 
one and the same polished section.* The artide was an ordinary bicycle 
seat-pillar, nickel-plal^d in the usual •way in a works plating-shop. In 
Fig. 10 one sees how the deposit ha* come right away from the base 
njetal— steel ; while in Fig. 11 the^cause is apparent. The dark band 
at the base of the deposit (or on the surface cf the article) is material 
that prevents the* adhesion of the deposit ; it ought to have been removed • 
in the cleaning process. Its presence is probably due to interaction 
between the potash, -left on the surface after the artijle was swilled in 
water after removal from the potash cleaning tank, preparatory to 
transfer to the plating bath, and4/he nickfil solution. 


mJithods of cleaning 

mese may be divided into : (1) Mechanical, (2) Chemical, and (3) 
Electro-chemical. Usually two of these methods must be employed in 
any given case — the mechanical and either the chemical or electro- 
chemical. 


1. Mechanical Cleaning Processes 

These are two in number. In the one, the article is scoured with 
Calais sand or pumice, a stiff bristle or, sometimes, m iron-wire brush 
being used ; in the other, the work is sand-blasted. The former process 
(brushing with sand or pumice) is performed several times during the 
cleaning of the work ; the latter is, ^ most cases, necessary only once. 
Both are simply mechanical in action, as is obvious. 

2. Chemical Cleaning Processes 

In these cases the action involved is chemical. It consists of the 
solution of the surface material by the chemical agent employed. For 
instance, representing rust i as an oxide, FegOg, the removal by hydro- 
cKlorio acid is represented by : 

Fea03+6HCl=2Fea3-f3I^0. 

Agai^, removal oi grease by potash may be represented by ; 

(R'COO),R" + xKOH = xR'COOK + R"(OH]l. 

(ethereal salt) (potash) (metal salt) (glyoeio!|| 

' Bust is ^bably a much more oomulicated substance than is reniesented^bv this 
formula* 
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This represents the general ‘case. But since the compositions (or 
“ compos ”) used in the polishing shop are made of stearin (as a binder 
and lubricant) and some cutting bripolishing material, such as kieselguhr 
(or tripoli), Vienna lime, or. rouge (red oxide of iron), and it is the fat 
of these which has to be removed in the cleaning process, the particular 
case may be represented by*: 

{C,,H^,C00)AH5 + 3i:OH =*3C.,H3; COOK +C,H„ (OH)^ 

(stearin) • (potash) ^ (jjotassiiHii stearate) (glycerol) 

It may be remarked that the proc^^ss here represented is known to chemists 
as ‘‘ saponification.” * 

It is important to bear these ^liemical equations in mind. Th^y 
represent, typically, as has been said, the chemical actions that effect 
• the removal of the material' on the surface of the wofk. It is evident 
from them that a given amount of the chemical agent employed (<i.cid, 
potash, and the Jike) will do only a certain amount of chemical work. 
When that much done, there is no longer any of the agent left to do 
work ; and, moreover, befor& it is all exhausted it may be too dilute 
(weak) properly to effect the desired result, since it is a w^ell-known lajv 
of chemical action that the rate of this is proj)oitional to the concentra- 
tions of the chemical agents acting.^ The imporiance of this, froip the, 
j)ractical point of view, is that it is of no use to continue using an acid 
dip or a potash solution that is not maintained at a suitable working 
strength. This is a matter that is sometimes neglected or lost sight of ; 
it is one that will have to be further referred to. 

• 

3. Electro-Chemical Cleaning Processes 

Such processes may be applied to the removal of scale, rust, or grease. ^ 
It is proposed to \;onsidcr, ^rst, the action whereby the surface material 
is removed, and then to discuss, scieuti/ically, the advisabiljty of the use 
of electro-chemical cleaning methods. 


(a) The Action of the Electro-Cleanwg Process 

• It is necesjary, at the outset, to state briefly that the process consists 
in removing by means of the electric current such materials as exist ^on 
the surface of the work. The method of doing so is as follows : The 
work is suspended from the anode or cathode rod of a vat, put together 
in all respects as a plating tank, but having m liquid content a solution of 
some chemical, such as an acid, or cyanide, or potash, which, in solution, 
is a gopd conductor of electricity. Whether the solution is an acid or 
an alkali depends upon the work required to be done. Removal of fcale 
and thick rust is effected in an acid solution ; for remo,val of a thin layer 
of rust, or of grease, and, sometimes, of tarnish, an alkaline solution is 

^ This is knoivfi in Physical Chemistry as the Law of Mass Action. See J. Wf Mellor, 
Chemical Statics and Dynamics, 1904, chaps, i. and ii. ♦ . . 

* Details of various cleaning iwjutions (including the electro-chemical) will be given 
later. * 
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used. A heavy current is then passed through the solution. In consider- 
ing the way in which surface material is removed from the work, it will 
be convenient to take the case of grease* oil, and the like, first, and then 
consider the case of other substances. * 

The manner in which* grease is removed frjm the surface of the atticles 
to be cleaned has been carjifully studied by Ur. A. Bartli.^ Upon the 
results of his exjfcrimcntal work Barth rwnarks as follows : “ The ex- 
tremely quick and thoi’ou^li vi)rking of electrolytic de-greasing has 
liitherto been quite generally considf red to be ])urely chemical process, 
that is, as a* saponification of the hUty niattw by the caustic alkali which 
is formed, through the agency of the cm rent, from the ])rimarily separated 
alkali metal with liberation of hydro^4*n, and wliieh is particularly active 
at* the moment of its formation” (03, as the chtmist would say, “in the 
nascent state”). •“This theory is correct,” ^continues Barth, “ so far as • 
the i^moval of saponifiable fatty matters is concerned. But it does not 
explain the lately established iact, that, in warnuHl dg-greasing baths, 
machine oil, parallin oil, and similar unsaponifiable iffatters arc almost 
;is (piickly removed through tlic^ageney bf the current as are easily 
saponifiable facts.” 

As regards such uiisa])onifia])le matters, Barth coneliid(‘S that the 
oroct^ss of removal must be ])artly cheanical and partly niccluwdcal; and, 
no prove the truth of Ids conclusion, he made the following experiments : 

A. moderately strong a(pi(‘ous solution of alkaline carbonates was made, 
iind it was heated to 85 ^^ to 100' Fahr. Iheces of ])olished iron sheet, 
[laying an area of two square decimetres, were thinly covered, some with 
^rdinary fats, some with parallin oil, and suspended in the solution from 
die cathode (negative) rod of the tank. A current was# then passed, the 
pressure being 3 to 4 volts. It was found that whereas the sheets covered 
with fats were perfectly cleaned in two minutes, those with th« oil upon 
}hem required a current strong enough to jn’oduci*. an alMindanl evolution 
3f gas. Watching carefully the ]»rocess of "the gas evolution, Barth 
loticed that if 4)ccurred, first on tfie sus] lending wires, then on the edges 
iiid corners of the sheets (tliat is, where the oil layer was probably thinner 
ind the cun ent density*certainly greater than in other places), and finally 
jpread over the whole of the sheets. In the result the sheets were freed# 
Tom the oil after the strong current had been passing some twelve t^ 
ifteen minutes, and could, after being swilled in water, b^ coated whh 
m adherent coat of nickel. Barth noticed, too, that the higher tie 
melting point of the substance used to smear the sheets and the lower 
:he temperature of the solutijn was, the more difficult it was to clean the 
ffieets. His conclusion is that the temperature of the solution must be 
sufficiently high to melt the substances to be removed from the work, 
is o^erwise “ the current cannot find the necessary points of attack, 
linc^it is not able to penetrate, and tear loose, layers of difficultly 
iquefiable fats. Tlfe removal of typically unsaponifiable liquid or melted 
lubstances in the de-greasing bath can only be explained by the purely 
nechanteal operation of the bath, and this is effected as*follows : By 
(he action of«yie current, alkali metal is, in the first instance, deposited 
1 Chem. Ztg., 1911, p. 356. 
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upon the base metal. The decomposition of water by the alkali metal 
which then occurs is accompanied by. a sort of explosive evolution of 
very small gas bubbles which -tear^away the surrounding fat layer from 
the object. When one observes with what violence, particularly in hot 
electrol 3 rtes, the gas bubble^are repulsed from the surfaces of the objects, 
the mechanical tearing of the fatty layer ^ecomes self-evident. It is, 
however, a root condition to the Aechanical de-greasing by the gas 
bubbles that the alkali metaPcan become deposited between the object 
and the fat layer, which is only thfe case when the unsapoi^able layer 
is thinly fluid and easy to tear-apari.” Of the* foregoing explanation 
given by Barth it may be said, that, if it is not the correct one, it is difficult 
to understand how else the unsapoififiablc matters could be, as experience 
shows they undoubtedly® are, removed from the surfaces of the articles 
by the electro-cleaning process. 

Assuming Barth’s explanation to be correct, then the mechankm of 
the process mayi^be represented thus : ^ 

Alkali = N ag CO3 (say) solid 


Na+Na+ CO3 — (on s^olution) 

Cathode ^ ^ ^ Anode 

(i) 2 Na++2 e =2 Na 

(ii) 2Na+2IIOH=2NaOH+H2 


Acts chemically in tlie case Acts mechanically in the 
of saponifiable fats. cases of both saponifi- 

* able and unsaponifiable 

’ matters. 

c 

Attention may now be directed to the use of the ^electro -cleaning 
process to remove other substances than grease,' oil, and the like — sub- 
stances such as scale, rust, and similar matters of an inorganic nature. 
‘Jhe author has found that thin films of rust can be removed in a few 
moments inc a solution of the composition used for de-greasing—an 
aCaline solution. The removal cannot, in this case, be due to saponifica- 
tion. It may, however, be due to reduction of the oxide (rust) by the 
nascent hydrogen ; or it may be due to mechanical (scouring) action ; 
or it may be due, perhaps, to both. The alkaline electro-cleaning solution 
is, however, of no use when thick layers of rust or fire-scale and the like 
substamces have to be removed. The author has frequently used for this 
purpose a solution introduced by C. J. Reed,^ and used it withe great 
success. The bath recommended by Reed is simply a sulphuric acid 
solution of specific gravity 1*25 ; and the current density to be employed 

^ Equation ^i) represents the action of discharge of the sodium ions, ]Slk+, Na+ ; 
while equation (ii) represents the chemioal reaction that ocours between the discharged 
sodium and water. t • 

* Trans. Am. ElectrocheiK. Soc., 1907, vol. xi. p. 181. c 
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is 70 amperes per square foot of surface. He recommends that the 
temperature of the solution be maintained at 60® 0,, but the author has 
found this to be unnecessary ; the b*ath#works quite well at the ordmary 
temperature. In regard to the action of the removal of the scale, Reed 
says : “ In the ordinary process ” (of pi^k^ling) “ the acid dissolves 
principally the nj^tallic iroip, and the scale is largely removed mechanically 
by the hydrogen gas formed un(Jer the^^icale. In the electric cathode 
process none of the scale* fs reiioved mechanically, as no gas is lormed 
except by the current^and none ap ill under tlfe scale.’’ This explanation 
is unsatisfactory. It is highly brobkble, ’indeed, that the removal of 
part of the scale is due* to solvent action ; but it is at least as likely 
that the removal is partly due to mechanical action similar to that 
operating in the^e-grcasing bath. "If, in the fiM place, in the “ ordinary 
process ” hydrogen can act as a mechanical agent, a fortiori y one would* 
suppose it so acts in the electric cleaner. Secondly, the present author, 
who has used the solution a great deal, and carefully ojjiaerved the pheno- 
mena at the cathode during the action, has frequently noticed large 
quantities of, for the most part tiny, but sometimes comparatively large, 
pieces of scale being tossed about by the escaping gas in the neighbour- 
hood of the work ; moreover, scale can be sometimes seen to be torn 
•off 'ts surface. Thirdly, there is the analogy of the de-greasing bath, 
which Barth has carefully studied. No such careful work appears to 
have been done by Reed. 


(&) Employment of the Electric (Meaner 

This or that process may be convenient and efEeetfve, but it does not 
necessarily follow that it is advisable to employ it. In regard to the 
electro-cleaning process, it may be said at once that it certainly ought 
not to be employed in the cases of certain clg-sses of articles. No article 
that is to b^ subject to tensions or stresses should be subjected to the 
operation of electro-cleaning. Among such may be enumerated : springs 
of all kinds, cycle spokes, and, in general, articles that would be injuri- 
ously affected in working by loss of elasticity or flexibility. That the 
physical properties of metal that has been cleaned electrolytically afe 
affected is now proved beyond doubt. It has been show]!| by M. De K. 
Thompson and C. N. Richardson,^ and later by 0. P. Watts and 0^ T. 
Fleckenstein,^ that brittleness is undoubtedly produced in steel springs 
by electro-plating processes. There is no difference of opinion in these 
papers as to whether brittleness is produced ; the only question was as 
to* how the brittleness is caused — whether it is effected in some way 
by the free cyanide of the solution used or by the hydrogen electrolytically 
generated at the cathode (i.e, the article treated — ^the spring). Thompson 
and Richardson think the cyanide causes the brittleness ; Watts and 
Fleckenstein show (and, in the opinion of the author conclusively show) 
that Ijydrogen is the cause. They show that brittlenens is produced 

' Met. andKHiem. Eng., 1917, yol. xvi. p. 83. 

* TruM. Anf. Electrochem. Soc., 1918, vol. xxxiii. p>.469. The author’s attention has 
been particularly recalled t(fthis paper by Prof. Watts in tf personal communication. 
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in cases where the solutions used contain no cyanide, such as sulphuric 
and hydrochloric acids, solutions of potassium sulphate and chloride, 
and also of caustic potash. Specifically, in regard to electro-cleaning 
baths they remark : “ When used as cathode in the hot electric .cleaner 
at 9 volts, and thus exposed ^io a storm of hydrogen, a spring is rendered 
quite brittle in fifteen seconds, and in thirty pconds is mined.’ ^ 

The present author found (hat cyfle spokes which were cleaned in a 
cold electro-cleaning solution, containing caustic potash and potassium 
cyanide, were rendered brMle. ^ ^ ^ 

It has been shown by J.’CouyonMthat the electro-pickeling process 
may affect the pliysical properties^ of fron and »teel. But he found that 
while chemical and cathode pickelhig produced embrittlement in ste^l 
springs, no brittleness wa^s caused if ^lie articles were pickled as anodes. 
It cannot., however, be sound practice to pickle work such as springs, 
spokes, and the like, as anodes. As C. Hcring pointed out in the* dis- 
cussion on Coiils^\ii’s paj)er, it is difficult to believe that they would not 
be attacked to a greater or less extent. The practice? is wholly inadvisable. 
It must, at the same time, be })ointed ofit that T. S. Fuller ^ has indicated 
a way whereby, lie says, brittleness produced in steel springs by electro- 
plating may be j)revented. He states that einb;’ittlemcnt is not caused 
by electro-plating if the articles are first dipped in molten tin, v^hichr 
(he says) does not ajifireciably affect the ])hysical properties of the springs, 
even at a temperature of 2()()^ to 300° 0. Fuller believes that embrittle- 
ment is not caused under such conditions, Ixjcause the nascent hydrogen 
cannot penetrate into tin; metal. The layer of tin on the dipped articles 
acts as a non-porous‘ sheath. Presumably the same argument would 
apply to electro-pickeling or ^ electro-cleaning ; but the same process 
would, in many cases, be economically impossible, even if it were simple 
in action, which is doubtful. 

The authorities cited and commented upon above, all make it clear 
that the electro-cleaning process mus|; not be used on such work as 
springs, spokes, and similar articles ; and most of them indicate as the 
reason that such articles are rendered brittle by the process, the brittleness 
being in some way or other brought about by the hydrogen “ atmo- 
sphere ” to which the articles are submitted. This is, indeed, but part 
o£ the larger subject of the occlusion of gases in metals and the effect of 
8U(ffi occluded’ gases upon the physical properties of metals. It woidd 
nor be in place to enter further into the subject here ; but it is a 
very interesting and important one, and for that reason a reference to 
scientific publications on the matter is given at the end of Chapter IV. 
The author’s immediate object is to point out and insist upon the c^e 
that must be exercised in regard to the use of electro-cleaning or electro- 
pickeling processes. Such care is especially important in the ca^ of 
engineering work, since the articles to be dealt with ^ are, in this case, 
usually made of iron and steel, which are particularly liable to be affected 
by gases, and especially by nascent gases. Apart from its use with 
articles of the*kinds above mentioned, the electro-cleaning (or picKeling) 

^ Trails. Am. Ekfitrochem. Soc.y 1917, vol. xxxii. p. 23t. 

* Ibid., 1917, vol. xxxii. p. 245. 
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process will, in many cases, be found tolbe both convenient and effective. 
Great care must, however, be taken to ensure the entire absence from the 
articles of the substances contained in the solution used, when the work 
is put into the plating tanks. {Tide supra ^ “ The Adherence of Electro- 
deposits.”) * ^ ^ 

(c) ^xampl^s of Clmning 

A few examples will noy be fiven tofuustrate the actual process of 
freeing work that has to be plated from grease, oxide, and other surface 
material. The exam^es, which lare <)^tual cases that occur in daily 
practice, that will be c^nsiderecfl art : (1) Cast-iron work, c.g., sad- 
irons, air-bricks, and the like ; (2) ^ycle work ; (3) Cast-iron printing 
rc^lers ; and (4) Brass work, e.g., cjicle or mote* lamps. 

(1) Cast-iron Hbork. This may be assumed to come to the depositor 
in th£ rough state in which it leaves the casting shop. It may be sup- 
posed that it has to be prepared for clectro-galvanizinjj^ Its surface is 
almost certainly covered, wholly or in plac^, with scale or oxide, which 
must be removed ; and it has cci*bainly b(5en handled. The process of 
cleaning will be as follows : (i) Immerse in hot (boiling, if possible) 
potash, in order to remove any grease present on the surface and due to 
handling, (ii) Brush with a stiff bristle or iron- wire brush, using powdered 
^mi'db as abrasive in order to remove loose material (the work need not 
be swilled in water previous to brushing), and swill in clean, running 
water.^ (iii) Pickle ^ in acid : this is aided by the previous removal 
of grease in the potash bath. The electro-pickeling solution may be used 
in this case with advantage. Brushing at intervall will help to remove 
loosened material, (iv) liemove from the pickeling sMution after the 
surface has become freed from scale, and swill in water, (v) Brush as 
before, using pumice, and swill well in clean, running water. • 

(2) Cycle work. This usually comes into the platiifg shop in good 
condition. The surface has been polished in th*e polishing shop, and will 
have little or oxide upon it. This fact simplifies the cleaning process, 
which will be as follows : (i) Kemove grease in the potash solution. 
The electric cleaner ma/ be used for certain of the work ; this is a matter 
of discretion, (ii) Brush with pumice, and swill, (iii) Dip in very dilute • 
sulphuric acid solution, in order to “ kill ” any potash remmning on the* 
surface or in the pores of the metal, and swill, (iv) Brush again witji 
punffice and swill thoroughly. 

(3) Printing rollers. These are taken as examples of a type of work 
that frequently comes to thq plating shop. Iron fenders polished on 
partg of the surface are other examples. They usually have a good surface 
free from scale or oxide. To clean them preparatory to, say, (^pper 
deposition : (i) Brush over the surface with hot potash solution, using 
a stiff 4)ristle brush and pumice, and swill. If the work is of convenient 
form it can; of course, be immersed in hot potash. In any case the 

^ It may be stated here, once for all, that all water used for rinsing purposes in the 
plating sho^ should be clean and fresh. A running stream of water should be maintained 
where possible. * 

* “ To pickle ”«neans to put into a solution that wiM remove scale, oxide, or ^nd. 
This term it generally used of fcid solutions (or “ dips,” as rtiey are called). 
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electric cleaner can be used if convenient, (ii) If potash is employed' 
repeat the treatment, and swill thoroughly. The work is now r^y for 
the plating tank. Acid dips are unn^essary, since the work murt be 
given a coat of copper in the cyanide bath, which is alkaline, before b^ng 
put in the acid copper solution in which the bulk of the copper wiU be 
deposited. ^ 

(4) Brass ivork, e.g,, cycle^nd mator laiips. This example of brass 
work is taken because it is sduewhat more difficult to treat than work 
such as tubes or sheets, and the like. In asSembling, the various parts, 
of which the lamps consist, are s^ldcre^i together, and care must be taken 
that the solder suffers little or no attack by the solutions used in the 
cleaning process. The brass will be polished) and the polish must be 
destroyed as little as possible. Th% cleaning process may, therefore, be 
as follows : (i) Remove grease in the electric cleaner,cand swill.^ This 
is preferable to the use of strong potash which attacks many soJ,ders. 
The work should not remain in the electric cleaner longer than is necessapr, 
because, as state?? above, caustic alkali is a product of the cathode reaction 
in the cleaner, and this will attack ^he solder in course of time, (ii) 
Brush with a soft bristle or fibre brush, using Calais sand ^ as an aid 
to the removal of any loose material. Calais sand must be used instead 
of pumice in this case, because it is important to preserve as far as possible 
the polish of the surface of the articles which they have when they^omfe 
into the plating shop. To do so results in economy, since if the deposit — 
nickel, say— is formed on a roughened surface, the deposit will be at 
least as rough, if not more so, and the work will be more difficult to 
“ finish after beingiplated. (iii) Dip in dilute acid in order to destroy 
any alkaline material, swill, brush lightly and quickly, and finally swill 
thoroughly in clean, running water. 

^ Tft swill is to rinse. 

2 In plating*8hop parlance, “ Brush with Calais sand ” (or with pumice). 
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PRACTICE {continued): TIE JJEPOSITION PROCESS 
AND THJE FINISHING PROCESS 


O NE of the most frequently occurring causei^that stands in the way 
of the succeSsful operation of a plating'solution is a want of know- 
ledge f)n the part of the depositor of what a plating solution really con- 
sists. Sometimes the component substances contained^ the bath are 
unknown, not only to the man who has to work the bath, but also to 
any one in authority in the works In which the bath is installed. The 
sohition is made from salts already mixed before they come into the 
works, and the operator is left to get the best results he can by following 
written instructions sent with the salts. This is, and must always be, 
almost unsatisfactory position. The clearest and most carefully worded 
instructions are never sufficient to enable a man, however skilful a plater 
he may be, to work a solution of composition unknown to him at the 
maximum of efficiency and economy. If this fact is not obvious as soon 
as stated, no amount of labouring will make it clear.* 

But whether or not the contents of this or that particular solution 
are known to the man who has to work it or to supervise its working, 
there are certain principles upon which all good solutions have, -perforce, 
to be based, and which should be borne in mind by all t^^ho have to do 
with those solutions. 


ON Solutions in general 

1. The Component Substances of the Plating SoyjTioN 

A Solution from which metal is to be electro-deposited must contai^ 
a representative from one or more of the following classes of substances : 
(i) A salt containing the metaHo be deposited ; (ii) “ Conducting salts ” 
(so cfilled), among which are mcluded acids, which are often regarded 
by chemists as salts of hydrogen ; and (iii) Addition agents.” 

(i) The metal-containing salts. The salt of the metal used as a con- 
stituent of a plating solution is usually either the sulphate, e.g.^ copper 
sulphate, zinc sulph«fte, iron sulphate, and so on, or the double cyanide, 
e,g.y silver potassium cyanide or copper potassium cyanide. Sometimes, 
though iguch less frequently, some other salt is employed, foi instance, 
zinc chloride i» used in some zinc baths ; lead acetate is used in lead 
^ths ; qpd tartrates, fluosilicates, and otlTbr ^similarly uncommon 
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substances are occasionally usei. The sulphate is much to be preferred 
if it can be used, since it is usually cheaper, and one knows with peater 
certaility what takes place at the electrodes upon the electrolysis of a 
bath founded upon it, and hence one has a greater control over the 
working of the bath. • c 

(ii) Conducting saltL These are usually salts of ammonia — the 
sulphate or the chloride, a^, for imstancef* ammonium sulphate (often 
used in nickel baths) and ammonium^chloride, which is used sometimes 
in both nickel and iron solutions. lAtftimes the sulphate or chloride of a 
metal of the alkali or alkaline «eami group is ^smployed. Sulphate of 
soda is added by Schlotter’^ to iiis 'upn bath ; sodium chloride (common 
salt) is a frequent component of jiickel bath’s ; and calcium chloride is 
an essential constituenl^^of the FiscJ^er-Langbein iron depositing solution. 
Many other instances could be given. It may be remarked that potas- 
sium salts are but comparatively seldom used, the chief reasoi^ being 
that they are^ considerably more expensive than the corresponding 
sodium compoubds. One reason for the use of “ conducting salts is, 
as the term implies, that they enatle the current to pass more easily 
through the solution — they lessen the resistance. One result of this 
diminution of resistance is that the electromotive force required to pass 
any given current is (by Ohm’s law) diminished also, and thus the cost 
of power for plating is lessened. Another result, equally as important, 
ensues. Suppose F is the anode-cathode potential drop. This E.M.F. 
is the algebraic sum of the potential between anode and solution on the 
one hand, and the potential between cathode and solution on the other. 
Thus, F= anode pdtentiaH- cathode potential. If F diminishes, the 
sum of the ano^e and cathode potentials does so ; and in most cases 
each of those components will share in the total diminution. It is the 
lessening of the potential at the cathode which is of most importance 
from the plating point of view. For the lower the cathode potential is, 
the less likely, ceteris paribus, is hydrogen to be liberated. Where hydro- 
gen is liberated along with the metal® to be deposited, tw€ disadvantages 
result, namely : (1) The cathode efficiency, as regards metal, must be 
below 100 per cent., and the more hydrogen i^ liberated the lower the 
cathode efficiency will be (Faraday’s law) ; and (2) the liberation of 
hydrogen has often an injurious effect upon the form in which the metal 
is deposited. It will be liable to be less coherent and to become powdery ; 
the liberation of hydrogen in any considerable amount will caus^'the 
deposit to be useless. It will thus be seen that the cathode potential 
should always be kept as low as possible. One way of effecting this is to 
keep down the total anode-cathode potential, and the use of conducting 
salts js one way of doing this. The use of conducting salts is of advantage 
in other ways, though these are less generally apparent to those who 
work plating baths.^ It will shorten the discussion to take an example. 

If a nickel bath is made that contains the sulphate* only, of that metal, 
in solution, jio regulme, useful deposit can be obtained. But if sulphate 

1 Vide next chapter, p. 61. * 

*^See A. Brochet, Qalvanpkistie, 1908, at pp. 48, 49, and elsewh^ ; A HoBard, La 
Thiorie des Iona, 1912, p. £00. 
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of ammonia be added (or if ike salt known as nickel ammonium sulphate, 

in the plating shop, as/‘ double nickel salts,” be added), then the nickel 
is deposited out in the usual form, l^e'fun^ion of the conducting salt 
(ammonium sulphate) is seen in the following chemical and electro- 
•chemical equations, which arfi taken from a paper of W. Pfanhauser,*]‘un., 
who has worked out the rea^^ns occurring St ihe electrodes during the 
operation of the ’double nidcd luljphate §ath.^ The reactions at the 
cathode are the only ones of .impo^nc^ h^ire. 

NiSO,+{NH 4 ‘ 480 j=(Nmi(§( 54 )j '* (i) 

(NHJg I ^^^0*4)2 (ii) 

to cathode ■< to anode . (iii) 

2(NH4)+{NH4)2Ni(S04)2=Ni+2(NH4feS04 . . . (iv) 
2(NH4)-WH20=2NH40H+H2 (v) . 

• 

One sees, therefore, that (i) the ammonium sulphate added to the 
nickel sulphate solution forms with this a double (or, ri^er, a complex) 
salt which (ii) splits up or ionizes into (NH4); as cation, and the complex, 
NhS04)2, as anion ; (iii) the cation travels to the cathode, and is dis- 
charged there ; (iv) upon discharge, the (NH4) reacts with double nickel 
salt in its neighbourhood; and replacing the nickel from this, gives rise 
td anffiaonium sulphate. The nickel is deposited on the cathode (the 
work, that is) as reguline metal. It will be noted, too, that some of the 
(NH4) reacts with the water of the bath, and that hydrogen gas is formed. 
This occurrence helps one to understand why the cathode efficiency of 
the double nickel salt bath is so low ; but it will lie observed that the 
formation of hydrogen is the result of a secondary reaction, and does not 
result from discharge of hydrogen ions' at the cathode. The hydrogen 
formed is, therefore, not so dangerous as it would be if it had the latter 
origin. The point of immediate importance here is, however, that the 
conducting i^alt has, in this case, another function than that of making 
the solution mfcje conducting — assisting the passage of the current, that 
is. In this case it enables a reguline deposit to be obtained where, in 
its absence, one would ilot be formed ; and it does this by causing the 
nickel to be deposited as the result of a secondary and purely chemical ^ 
reaction instead of directly and immediately after discharge of the nickel, 
ion. It is highly probable that nickel is not the only metal®that can be 
so deposited. It used formerly to be thought that silver was deposited 
from the cyanide of potassium and silver in like manner : it is still 
believed 2 that copper is so deposited from the alkaline copper bath in 
which the copper is present as part of the complex anion, Cu(CN)2. 
A paper published by F. Haber® has thrown some doubt upon the 
explanation being the right one in the case of silver, but it still Holds, 
in general opinion, in that of copper. 

(iii) Addition agents. This is the term by which a large number of 

^ Zeit. Ehhtrochemiey 1901, vol. yii. p. 698. • 

• E. Spitzer, Zeit. /. Elektrochemie, 1906, vol. xi. p. 346 ; Brochet, op. city p. 74 j and 
vide potty p. 112 cf^aeq. 

* Zeit. f. ElektrBchemiey 1904, vol. x. pp. 433 and 773»; and see H. Danneel, Zvit f, 
Ehktrochemey 1903, vol. ix. pjf763. 
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substances are known in the electro-metallurgical world. Their function ^ 
is similar to the latter of the two functions of conducting salts just referred 
to : they, when present in the sblutioh, frequently enable a deposit to be 
obtained from it when otherwise either no reguline deposit would be got at , 
all ot the grains of the deposit obtained would *be non-coherent and the 
deposit would then be usel^s for practical purposes. A case in point is 
that of lead. No solution is k^nown fi%m whiGh this met'al can be deposited 
in coherent, small-grained foim in the absence of some addition agent. 
Mr. F. C. Mathers has informed theftvmter that his well-known perchloric 
acid solution will not give satisfactory deposits of lead Sinless small 
amounts of peptone or olive oil*^(or^one of some few other substances) 
are added to it.^ It is the fact tkat, in the case of the metal zinc also, 
all the best baths useec for deposffting this metal (for what is called 
“ electro-galvanizing,” that, is) contain a small amouift of some addition 
agent which, in this case, is often gelatine or dextrin. The nature rof the 
substance employed as addition agent has already been indicated. It 
is most frequently an organic substance, such as a gum or sugar, gum 
tragacanth, dextrose, and the like. Among other substances that have 
been employed are : naphthalene sulphonic acid, pyrogallol, resorcipal, 
glycerin, liquorice root and liquorice extract, eiconogen, and very many 
others. It is not always the case that the addition of an addition agent 
taken at random will produce the desired result : the particular substance 
to use in any particular case has to be found by trial. An addition agent 
which produces a good result in one case will (or may) be found to have 
injurious effects on the structure of the deposit in another. The fact is 
that very little is known about the way in which addition agents act. 
All that is certain is that they do act — either for good or for bad : and 
that when they do produce favourable results these are brought about 
alongside a diminution of the size of grains of which the deposit is formed, 
and these diminished grains adhere firmly together. It is thus useless 
to discuss the modus ojptrandi of addition agents ; but it will not be 
without some use to make some few remarks about thfh employment. 
In the first place it is notable that, in the great majority of cases, the 
amount of substance that must be added is very small. For instance, 
tthe quantity of gelatine that should be added to a copper sulphate or 
cnickel ammonium sulphate solution in order to produce a bright and, so 
far as the e^e can see, structureless deposit, amounts to a few (1 to 3) 
^ams per gallon of solution. Secondly, addition agents are usualfy of 
colloidal nature or give rise to colloidal solutions. Aluminium sulphate — 
an inorganic compound — is often used in ^inc baths.*’* It is known that 
the hydroxide which results from the hydrolysis of this salt can give, rise 
to a colloidal solution. It may, therefore, very well be that the improve- 
ment of a deposit which often results from the presence of aluminium 
sulphate in the solution is connected with the presence of the cdlloidal 

t 

^ Cf. E. F. Kem, “ The Function of Addition Agents in Electrolytes,” Trans. Am. 
Electrochem. Sqp., 1909, vol. xv. p. 441. 

* See F. C. Mathers and 0. R. Overman, Trans. Am. Eledrochem. Soc., 19tfS, vol. xxi. 

p. 313. t. 

* €£. W, D. Bancroft, Trans^ Am. Ekctrochem. Soc.^ 1912, vol. xxi. f and M. Sohlotter, 
Qalvanoskgie, Teil 1, pp. 3aand 51. 
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substance. And, thirdly, no colloidal substance or one that will give 
rise to the presence of colloidal, matter should ever be added to any 
solution unless the result it is going to have upon the deposit is definitely 
known beforehand for the particular case. 


2. The Composition op the Solution should be Simple 

r . * / 

The simpler the composition of a placing solution is, the* ino^e easy 


it will be to work and control 
be devised that contains only th^ 


only raWy that a solution cannot 
le QOiaponents at most. As regards 


the conducting salt employed (whelje ofc^ is used), this should, if possible, 
contain the same acid radical as ‘does the salt containing the nletal. 
Thus, sulphuric acid, and not nitrv? acid, 8ho*ild be used in the acid 
copper bath ; anftuonium sulphate, and not the chloride, is used, as a 
rule, in the nickel sulphate bath ; and so on. The result of observing 
this rule is that the number of different anions discharged at the anode 
is lessened ; consequently, the knowledge of what is happening at the 
anode is more certain, and a better control can be maintained over the 
general working of the bath. A solution that contains half a dozen 
components will almost surely give the operator a lot of trouble, and it 
may easily become impo«sible to work satisfactorily at all. 


3. The Anode and Cathode Efficiencies 

In all really good solutions these will be approximately 100 per cent. 
Usually the anode efiicjency is lower than that at Jhe cathode, and this 
means that metal is taken out of the solution faster tljan it is supplied 
to it. It means, too, that the bath will gradually become poor in metal, 
and this must be supplied from outside (e.g., by addition of metal salts) — 
which is objectionable. 


4. The General Claracters of Deposits 

• 

A good solution should give a deposit that possesses certain character- 
istics. The deposit should be close-grained : it should be matt and non- 
crystalline in appearance. It should be light in colour ; but it ought* 
not to be bright. A bright deposit is almost always har(^and brittle.® 
Th^ bath should be capable of continuously yielding a deposit havi^ 
the required qualities over a considerable length of time, that is to say, 
for three or four hours at least. A competent plater knows that his 
deposit is a good one if it is oigood colour, smooth, dull, and non-crystal- 
ling (to the eye), and if any oiUgrowth thai forms on the edges of the articles 
u rounM in appearance. Another characteristic of a good sqjution 
is thc^ it will give a result that is of approximately the same thickness 
all over the surface of the articles. Owing to the way in which the current 
is distributed over the surface of a cathode, the thickness of the deposit 
will never be everywhere the same.^ The deposit on re-^trant parts 

' See W. Hai^user, jun., Zeit.f. EUhtrochem., 1901, vol. vii. p. 895 ; or A. Brochet, 
tm. cU., p. 162. En interesting paper on this matter K. Arndt and 0. Clemens, €hem. 
Ztg., 1022^tdL xlvi. p. 295, 191 S recently been publish^. • 
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of the surface will, usually, be least, and that on comers and edges most. 
The lines of force between an anode and a cathode Are distnouted in 
exactly the same way as they would be between two metal conductors 
in air, or as they are in a magnetic field. Consequently, the current 
density will always vary ovp the area of a cathode (or anode), and since ' 
thickness of deposit varies with the current density, that thickness will 
not be uniform. Nevertheltss, in fill good solutions' the conductivity 
will be good, and hence the tMckness ydll no^t vary considerably — within 
the limits of total thickn^s require!! yir ordinary plating purposes.^ 


ON DEPOSITION IN PRACTICE 
* 

With the principles set out above in mind, the op^erator can control 
his solutions much more effectively than if he does not know <jhem. 
There are, too,^a number of practical rules which have to be observed 
by all who wish to obtain the best results and avoid troubles. These will 
now be discussed. 

(а) Cleanliness should be made a fetish. Girls should not be allow/!%d 
to wash up their platters in the water used in the scouring and swilling 
troughs, as the writer once saw being done in a Walsall shop. All rods 
and vat and anode connections should be cleaned at least daily. Meters 
must be cared for ; and the wires of the resistance boards must not be 
overloaded. Any “ burnt wire should be replaced. Care should be 
taken that the anodes are alive. This can easily be done by holding one 
end of a thick, flexible, copper wire against the cathode rod while the 
anode is lightly Scratched with the other end. If the anode (or anode 
suspending hook, where that is tested) is alive, there will be a spark. 
After the vat has been disconnected for purposes of cleaning, it must be 
seen to that it* is properly connected up again, anode connection to 
anode rod, and cathode ‘'connection to cathode rod. Connecting the 
anode lead to the cathode rod has frequently been the «»dase of trouble 
and expense. There is an important point to be observed with regard 
to the wires used for suspending the work in the solutions. In the majority 

• of cases copper wire should be used, and it should be of sufficient gauge 
•to carry the necessary current without heating. The use of brass wire is 
no real economy : the use of thin wire may result in badly burnt fingers, 
especially when using the electric cleaner. Wire that has been used for 
suspendmg articles that have to be coated with tin or zinc can be used 
again after dissolving off the metal; nickel-plated copper wire has a 
market value. o 

(б) Nothing should ever be suspended in a solution unless the current 
is passing. In the case of some kinds of solution (nickel and iron, for 
instance), if the work is in the vat and no current is flowing, slight Oxida- 
tion wiU occur, and any deposit formed on an oxidized surface is very 
liable to pejl off — in plating-shop language, the deposit “ strips.” In 

K 

^ On the stracture of deposits the following may be usefully consulted : M. Schldtter, 
op. ei^., pp. 28-41 ; A. J. AUnj^and, Applied Electrochemistry ^ 1912, pi 124 (E. Arnold) ; 
and F. Forster, Electrochemie lodeseriger LoeuTigen, 1922, p 384. 
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the ^es of other solutions, e.^., cyanide baths (copper and silver), the 
metal of which the work consists — copper or German silver, say— will 
dissolve if no current flows. In one caSe within the writer’s experience 
the deposit formed on safety razors was of a distinctly pink tmge, and 
the cause of this was found to be that the solution contained a considerable 
percentage of copper, dissolved, no doubt, froin the brass of which the 
goods were made.' The cusitom that obtairi in some nickel-plating shops 
of loading a vat’ with wo^k jiist before the dinner hour, and delaying to 
start the current until work recVnilnen^s after dinner, is an entirely 
reprehensible one. Ah articles dlopped^into the solution should be at 
once removed : in the casye of ironW soeel good^*this can be easily done 
by means of an electro-magnet. ^ 

(c) Good, sound anodes should alt*\ys be employed — anodes consisting 
of cast metal ratlfer than those made of rolled metal.^ As a general rule, 
as nmny anodes should be used as can be conveniently suspended from 
the positive rods. There is no economy in using poor or an insufficient 
number of anodes. The current has to get into the solution by way of 
the anodes, and the bath should be able to get as much of its metal as 
possible from the anodes. It follows that anodes must be cleaned down 
to the solid metal every day, for if the surface is not clean it cannot 
be ea^y attacked and dissolved, and, moreover, if the anode surface has 
a layer of oxide or of decomposition products upon it, there will be there 
a layer of non-conducting material which will hinder the free passage of 
the current. At the same time it does not at all follow that an anode 
should consist of commercially pure metal. In America nickel anodes 
of a purity 90-92 per cent, are preferred to those of a higher purity. 
A well-known firm writes : “ The trade here demands* nickel anodes of 
two grades, viz., 90-92 per cent, purity, and those of 95-97 per cent, 
purity. The most popular grade is the 90-92 per cent. ; we sell a very 
much larger quantity of this grade than of the 95-97 ^er cent.” The 
reason for this is that the less pure anodes dissolve better than those 
that are more^re, and feed the solution with metal better. This results 
from the fact that the iron, carbon, and other like substances contained 
in the anodes as impurities, set up local actions with the nickel (they act 
with this Like a number of little cells) and help in the solution of the; 
anode. Chemically pure nickel would, if used as anodes, be likely tc^ 
bec|pme “ passive,” and then would not dissolve at all. SuCh considera- 
tions do not, however, apply to anodes of copper, silver, zinc, or tifi. 
The metal used in these cases should be the purest commercial material 
obtainable. Other points conjiected with the shape, size, and composition 
of anodes will be referred to later.^ 

(d) The 'practice of using two cathode rods within two anode rods 
(a four-rod vat, that is), is to be condemned. The result of so doing is 
that, when the vat is loaded there v/ill be two rows of work between 
two rows of anodes’. Thus, only one side of the work is opposed to the 

^ An interesting article upon Anodes for Electro -plating is coUtained in Th$ 
Electrochemical Industry, 1903, vol. i. p. 347. It is written by the well-j^own authorities, 
C. F. Burgess andiC. Hambuechen. 

* Cf. Cllapter VI., p. 64, ajd Chapter X., p. 120. 
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anodes ; the other side will be screened by the articles composing the 
other row of work. Comparatively little current will find its way between 
the articles of the one row to the inside surfaces of those of the other, 
and, consequently, these will receive relatively little deposit. It is not 
always easy to convince the workman of this fact, and of the further 
fact that, where such d system is adopted, the work must be very 
unevenly plated.^ A similar argument Applies to the. employment 
of a central anode rod with tii catho^ rod^ on either side of it — in a 
three-rod vat. / 

(e) The upkeep of the solut^^ The rules of*practioe regarding the 
maintenance of the soifUtion are^ of /the greatest importance, (i) The 
spedfixi gravity. The specific gravity of a solution is not in and by itself 
a reliable guide to its edmposition, ^ohough many of those who have to 
work plating solutions appear to think that it is. *An example— an 
extreme one, doubtless — will clear up this point. The silver-pfeiting 
solution is very ^bject to attack by both the oxygen and carbon dioxide 
of the air ; and very soon after a new solution has been made up it can 
be shown to contain oxidation products and carbonates. These continue 
to increase and, together with the products formed at the electrodes 
(namely, cyanates, formates, alkalis, and others), soon constitute a 
considerable portion of the solid matter in the solution. The specific 
gravity is, of course, dependent upon these to the extent of their presence^; 
and hence the hydrometer reading must in no long time become mis- 
leading as to the composition of the bath. It indicates the total amount 
of solids in the solution. Certainly, in the cases of some baths, for ex- 
ample, many nickel and cobalt solutions and some zinc and iron baths, 
the hydronaeter reading is more useful, especially in the cases of newly- 
made solutions or such as have not been in work for any long time. 
And again, if an analysis of a solution be made to the extent of determining 
the percentage of metal it contains, then from this knowledge, together 
with the specific gravity, dne can learn a good deal as to the composition 
of the bath. For instance, suppose a zinc bath gives the foUdwing figures : 
Zn (metal) =W% and spec. grav.=S2. One ^ can easily calculate^ 
that zinc sulphate (anhydrous) contains =;:^% zinc as metal, and hence, 
that the percentage of salt in a solution containing W% metal is W2 : 
ihe specific cavity of a solution containing W2% anhydrous zinc sul- 
phate is S2, say,® while the value found by the hydrometer is Si. We 
thfus know that the difference between the two specific gravities is due 
to substances other than zinc salts, and can then begin to consider what 
it is due to. (ii) Feeding the hath with met^l. The ideal way of main- 
taining the metal content of a bath is by solution of the anode. Replen- 
ishment from outside~by way of the addition of metal salts — should 

^ H. and R. S. Hutton in 1908 ^tented an “ Improved electro-plating j^roceas 
comprising the subjection of the article to be plated . . . to^ a differential plating 
by arranging screens or their equivalent (which produce a vignetting effect of the 
plated material upon the article) between anode and cathode. . . .” Pat. No. 18246. 
The point of thw reference will be obvious in connection with what is said oiFprevious 
page in aub-mragraph (d). 

• F:Qom the chemical formula,,. . 

• Obtained from tables toebe found in text-books. 
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always be’xegarded as a makeshift ; and a bath that requires to be fed 
muck in this way can never be looked upon as a good one. Nevertheless, 
it is often found necessary to resort to this method in practice : the 
** double nickel salts ** solution is a common case. Where feeding from 
outside has to be done, the followhig rules of practice should be observed : 
(a) Nothing solid should ever be added to fnet solution. The salts it is 
necessary to add -should bfe^issolv^ up iiy solution taken from the vat, 
and the solution shou^ b(5^ effected in an^namelled iron bath (provided 
with some means of heating). Jphc solution, so made should tnen be 
returned to*the vat through a limin oi;^.nvas.fflter. (b) The amount of 
salts that need to be added ^shoul^^^jeWefinitely •worked out and known 
beforehand. It is a very bad prabt^ce to add -any arbitrary quantity, 
trusting to chance as to whetheX^'^at amount will be right or wrong. 
Such slipshod methods militate against proper control of the working of a 
bath* And it is quite easy to determine how much salts a bath needs, thus : 
Remove 2 gallons of solution from the vat ; ascertain by trial how much 
this quantity requires to yield a good deposit ; measu;^ up the solution 
to find how many gallons there are in the vai ; a little arithmetic gives one 
Ijie amount required, (c) When the salts have been added, results must 
not be looked for at once. There is a curious fact to be remembered in 
connection with plating baths. New or recently refreshed ones often fail 
fb g'l^e of their best until a considerable amount of current has been 
passed through them. It is quite unknown why this is so, but it is a 
most important fact to be borne in mind, since failure to recognize it 
may lead to the ruin of a bath, in consequence of the addition of substances 
that are not needed or the addition of an excess of a substance that is. 
{d) When additions are made to a solution, this shopld be done over- 
night or at the week-end, and the solution should be well stirred up. 
In this way the solution will be of uniform composition throughout, and 
time will be allowed for solid (insoluble) matter to settlg down before the 
bath is required for use again, (e) Everything said above in regard t-o 
the additional salts applies with equal force to the addition of any other 
solid substance whatever. (/) Just as nothing should be added to a 
solution (whether it b5 working well or badly) in an indefinite quantity, 
so nothing should be added for an indefinite purpose. All experiments 
should be tried with a definite amount of solution (conveniently, 2 gallonJl 
taken from the vat. Experimental work in the plating-shop shouia ^ 
always be encouraged, but it should not be carried out on a solution ^ a 
whole. This rule is one which those in charge of plating solutions are 
apt to forget or disregard — often with serious results. 

, (/) Agitation. In the great majority of cases it is advisable to provide 
either for agitation of the solution or movement of the articles while 
deposition proceeds. The advantages to be gained thereby are {inter 
alia} as follows : (i) The liquid at the surface of the work will be con- 
tinuously renewed, (ii) Such renewal will allow of the employment of a 
higher current density, (iii) Greater output will be obtained in conse- 
quence of faster work, (iv) The structure of the deposits will be more 
uniform, and the solution will be maintained more uniform in composi- 
tion, a^d strAification, due to the formation ©f layers of liquid of different 
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composition, will be prevented. The method adopted to aptate the 
solution or move the work is not very material, so long as it is not one 
that is violent enough to disturb the sludge at the bottom of the vat or 
to injure the articles as the result of impacts. Moving the cathode rods 
to and fro, slowly, and in a direction parallel to the length of the vat, ^ 
is a good method to emploj, and it is one that any competent engineer 
can devise the means (simpKand efffctive) pf operating. 

{g) “ Drying out” This operation comes between the deposition 
process proper and the “ .finisi ing the work. When the deposition 
is concluded, the work is removed from the plating solution, and should 
be well swilled in clean, running w^er (cold), and then in hot (nearly 
boiling) water. After p issing thrQU^ the hot water swill, the work is 
either put aside to cool ^nd compleirfc drying, or the drying is completed 
by rubbing the work with hot sawdust— preferably bOx-wood sawdust. 
The process of “ drying out ” would not have been mentioned her^ if it 
were not that trouble may arise owing to defective workmanship. The 
trouble that mf!y arise is often called “ spotting out.’* ^ It is due to 
insufficient swilling and drying ; articles made of cast metal are especially 
troublesome in this respect, and particularly so when they have be^ 
plated in the copper cyanide or brass solution. If the solution (cyanide) 
that has found its way into the pores of the metU is not got rid of during 
the drying out ” process, it will be sure to make its presence kLo Wii 
sooner or later. Round spots appear on the surface of the deposit wherever 
this has a hole in it, and the liquid that oozes from the hole will corrode 
the deposit. Copper — or brass — plated work may be completely spoiled 
in consequence. In the case of nickel-plated work, such as cycle and 
motor goods, it isi of importance to dry it well. If such work is packed 
(for dispatch abroad, say) before it is properly dry, it will in all probability 
be rusty before it arrives at its destination. I’he remedy for “ spotting 
out ” is, unfortunately, not the same in all cases. The following is a 
method adopted by the writer, and, in many cases, with considerable 
success. To take an example — it was 'necessary to deposifm heavy coat 
of brass on motor parts, some of which were castings that were made 
of very bad and porous metal. The plated godds were removed from 
the plating solution, and first treated as above described. They were 
|hen immersed in a hot solution of oxalic acid, containing about 6 oz. 
of the acid (idssolved in I gallon of water. They were left immersed 
foe half an hour, swilled in hot water, and then placed in a hot-air oven. 
In most cases this method was successful. The hot oxalic acid solution 
does not seem to attack either deposited brass or copper ; but it does 
attack the cyanide in the pores of the metal, and destroys it. Hot 
solution of boracic or of acetic acids have been used for the same purpose ; 
but boracic acid was found less efficient, and acetic acid was found to 
stain the deposited metals. Where the base metal upon which the 
deposit is formed is copper or brass, a dilute (5% by vol.) solution of 
pure sulphuric acid may be used : this solution must be used cold — not 
hot. Moreovtr, it must never be employed where the base metah is iron 
or steel. 


* See references at the end of this chapter. 
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THE “FINISHING” PROCESS 

Electro-deposits are usually dull in aspect, and possess little or no 
metallic lustre. The process of producing the appearance which the 
goods have when they come on to the maike# is called “ finishing.” ^ 
This IB effected by means oi“ moj^ ” and/' compos.” A mop consists 
of a number of circular pieqes of Hnen or calico, fastened together by a 
leather centre. Sometimes the l^efs ara stitthed together, sometimes 
they are open. Compfts consist o^ (i)aj^ishing material, for example, 
tripoli, lime, or rouge ; and (ii) a bmd^ which rfay be stearin, wax, or 
other like material, and which alsl acts as a mbricant. Compos are 
ustally put up in the form of bars,lvhich are about half the size of an 
ordinary brick. Tft “ finish ” an article, the mop (of convenient diameter) 
is setaon the threaded end of a spindle which can be rotated by means 
of a belt or motor, the bar of compo to be used is pressed against the 
rotating mop in order to supfdy this with the polishing iffaterial, and the 
deposit then polished. When the •polish lifts been obtained, it is often 
advisable to bring up the “ colour,” as polishers say, by pressing a bar 
of Vienna lime or chalk against the rotating mop, and then lightly mopping 
the deposit again. This ^removes some of the grease, and gives a fresh 
appeffmnoe to the deposit. Several points are noteworthy in connection 
with “ finishing.” (i) The peripheral speed of the mop is important. 
This depends upon both the R.P.M. of the spindle and the diameter of the 
mop. The lower the speed, the longer an article will take to finish, and 
thus the lower the output will be. On the other hand, if the speed be 
too great, too much of the deposit will be removed, acid a sufficiently 
thick deposit may become too thin, (ii) A compo containing an abrasive 
should not be used to finish soft metals. The result would be both poor 
“ finish ” and waste. Tripoli is an abrasive, and should not be employed 
with such metals as copper or brass, (iii) It is important that the melting 
point of the sl^rin used in the compo should not be too high ; if it is, 
the mop will become clogged. The materials to use in any given case is 
really a matter of judgment. In the case of a nickel deposit, for instance, 
if the deposit is hard and rough, tripoli compo will have to be used, fol-, 
lowed by lime (Vienna lime) compo, while a soft, smooth deposit can be» 
“ finished ” with lime. • 

the process of “ finishing ” or, indeed, of polishing in general, has not, 
so far as the writer is aware, been subjected to scientific investigation. 
But the operation of polishing^ pieces of metal for subsequent etching and 
study of its structure has been very carefully studied by Sir G. T. Beilby.^ 
Beilby has shown that in this case the operation of polishing produces an 
amorphous film on the surface of the metal. (Of. Fig. 30, post.)* Dr. 
Rosenhain says : ® “Now when a surface is subjected to the action 
of a polishing disc •fed with a suitable polishing powder, the flowing 

^ Or softietimes “ buffing,” or again, ” mopping.” • 

• Proe. Boy. Sfic., 1903, vol. Ixxii. ; 1906, voJ. Ixxvi. ; 1907, vol. Ixxix ; and 1909, 
vol. Ixxxii. Also Mlrana. Far. Soc., 1904, and Jour. Inst. Metals^ 1911, vol. vi. p. ^ 

• Study Physical Metalli^gy, 1914, pp. 26 and 26 (Uon^able). 
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action bwomes intensified and the abrasive or cutting action either 
ceases entirely or at all events becomes relatively unimportant. Thus 
the action of a true polishing process is entirely different from that of 
grinding, in that the polishing process merely causes the surface layer 
of' metal to assume a temporary mobility so ‘that it becomes free to' 
assume the smooth surfad'. typical of a liquid under the influence of 
surface tension. The polishing process gwes this temporary mobility 
to the metal partly by the p¥rely mechani(jal disturbance of the surface 
molecules, owing to the intinute c^n/act which is established by means 
of the extremely firely-divicbd pojishing po\^er. But* where such 
mechanical action is cHiefly relied on^a5 it is in these cases, where polishing 
is done at very high s^eds, as in^ominary ‘ buffing ’--the result is what 
may be termed a ‘ bul-nishing ’ ot the surface. The metal is simply 
smeared forcibly all over the surface, and although a Iftilliant appearance 
results, the attempt to use such a surface for metallographic worlr fails, 
because on etching, when the outer skin of metal is dissolved away in 
order to reveaf the structure of the mass, the old irregularities make 
their presence felt to such 8,n extend as to render the surface useless.” 
These remarks of Dr. Rosenhain contain practically all that is knowi^of 
the scientific foundations upon which the art of “ finishing ” or “ bufiB.ng,” 
as it is sometimes called, rests. 


PRACTICAL NOTES 

1. Dips (except the hydrofluoric acid one) must be contained in 
earthenware vessels, provided with covers. Hydrofluoric acid should be 
contained in a lead-lined vessel. 

2. The “ akey ” should be made up from its components to suit the 
metal to be tre«,ted. It is to be remembered that the nitric acid is the 
active agent in “ akey ” : •the sulphuric acid acts as a diluent or moderator, 
as does the nitrogen of the atmosphere in relation to tjxlb action of the 
oxygen. 

3. All dips and the electro-cleaner (or electrd-pickle) should be placed 
,and used in a well-ventilated place, and provision made to carry off fumes, 
c Short circuits or sparking must be avoided as much as possible when 

working an Electric cleaner (or pickle) ; the hydrogen evolved forms with 
file oxygen of the air an explosive mixture. 

4. The solutions need not be of the precise strengths given in the 
Table. These are merely indicative and general. The actual strength 
to use depends upon the conditions, such as class of work, metal, 
and so on : it must be left largely to the discretion and experience 
of tfie operator. Similarly for the specific gravities of the , acids 
employed. 

6. At intervals during the removal of surf ace ^materials the work 
should be removed from the dip or cleaner, and scoured with pumice 
or sand. TKis removes loose material, and hastens matters. •* 

6. Nothing should be suspended in the electro-clever (or pickle) 
unle&s the knSe-switch in*the circuit is “ in.” The insertion oLthe work 

* f 
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TABLE I 


Methods op Cleanino Work 


Material to be Removed, 

Method op Removing it. 

Chemical. ^ 

, Electro -Chemical. 

1 Scale 

(from iron). 

• t 

“ Pickle *' Wftcid solution : 

(i) I 401 ... 6 tolO%(by/'ol.)' 
Sp. gr. (o\acii useij/i— 1*2^ 

(ii) H.jS 04 ... 10 % (b7/ol.) 
Sp. gr. (of acid ujt5)= 1*84. 

Use Reed’s solution (vide 
text). 

J 

2. Rust 
* (from iron). 

> 

Dip in acid s&ii^on. 

The same »»»hitions as in 
case 1 may be used. 

fThe ordinary electro -cleaner 

1 employed for removing 
grease will often be found 
useful for removing slight 
rust. 

3. Oxide or tarnish 

(from copper and brass). 

Dip in : 

(i) Cyanide solution 

K.0N...4 to 8oz. 1 gal. 
or NaCN. 

(ii) What is called “ akey,” 

i.e., a mixture of 
impure sulphuric and 
nitric acids, contain- 
ing brown oxides of 
nitrogen. 


4. Sand. 

“ Pickle ” in atud solution : 

(i) Solutions as in 1 may 

effect the removal. 

(ii) HF...6 parts acid and 

95 water, contained 
in a load -lined vessel. 


6. Grease. 

Boil in Potash : use, if 
|X)S8ible, AwifiBicAN Brown 
Potash : 4 to 12 oz./gal, 

^ The propc^r strength to 
use varies with the metal 
to be cleaned. Brass and 
copper require a weaker 
solution than iron and steel. 
Too strong a potash solu- 
tion will stain bmss or 
copper. Employ the solu- 
tion at as nearly boiling as 
may N.B.~As far as 

possinle, avrjid the employ- 
ment of all “ substitutes ” 
for potash. This substance 
is the best of all for remov- 
ing grease and the like. 

Use : 

(i) A solution containing 
KOH orNaOH) ...4oz. 
KCN (or NaCN) ... 3 oz. 
to a gallon of water. 

(ii) A strong current (of 
any value) — ^with the article 
to be cleaned as Cathode. 

(iii) CARBcfff Anodes. “ 
Sometimes the positive lead# 
is connected to the tank 
which then becomes anode. 
This is bad practice, since 
iron anodes are soluble in 
alkaline solutions. 

(iv) Heavy cable leads 
to tank, and suspending 
wire of a gauge sufficient 
to carry the current with- 
out heating. 


^ Both Ihe H 28 O 4 and HCl should be free of arsenic. Cf. 0. W. Storey, Ifcf. and Chem. 
Sng,t 1913, vol. ix^ p. 46. The effect of arsenic is to retard the action of the acid. 

* Those made i hard Acbeson ^pbite are the best^to use. They can be obt^ned 
cut to any«ize required. A rood size is 2 ft. x 9 in. x i i*n. ^ 
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should complete the circuit. This prevents chemical attack on the 
article by the material contained in the solution — a very important matter 
in many cases. 
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O NE effect of the stern neoe^mei oi war-line conditions was to 
stimulate and promote scientilc investigalion and research. The 
value of such inqfliry was, perforce, recognized ; and as a result, both 
pure and applied science have largely progressed. Among other branches 
of applied science to benefit is electro-metallurgy in gen<jjjal and electro- 
deposition in particular, and in this latter field the use of electrol 3 d»ic 
iron and the application of the deposition process in the case of that 
matal have made marked extension and progress. 


USES AND APPLICATIONS 

The uses to which electroljd^ic iron and the electro-deposition process 
for iron have been and can be applied in engineering have been recently 
pointed out elsewhere ^ by the writer, and the general conditions upon 
which the future industrial progress depends have been summarized.^ 
These will, therefore, be but briefly enumerated here. The chief uses to 
which electrolytic iron has been hitherto put are (1) its employment ai 
the material for the manufacture of parts of electrical *machines, anc 
(2) its use as the raw material for investigations into the physical anc 
chemical profJfejties of pure iron.* The process of electro-depositing 
iron has been employed for the following purposes : (1) “ Steel-facing,’ 
by which is meant the deposition of a thin layer of iron upon surfacei 
to be printed from. The purpose in this case is to impose a hard surfac< 
layer upon the softer material of the printing block (which is often copper) 
and thus, by securing a better wearing surface, enable a fhuch large; 
number of true copies to be obtained. (2) The production of electrotype 
in substitution for those produced from copper. The process of depositioi 
suitable for this work was worjfed out by M. H. von Jacobi and E. Klein, 
andtt was extended and improved by S. Maximowitsch. It is interestinj 
to recall that the following notice of this process appeared in the Athencmn 
publMed on May 4, 1869 : “ While M. Daguerre and Mr. Fox Talbo 
have^en dipping their pencils in the solar spectrum, and astonishini 
us with their inveiftions ” (which were connected with photography) 

^ Tht Sngineeff Oct. 8, 1920. * The Electrician, Nov. 6, 1920. 

‘Vide Bull, de VAcad. Imper. dee 8ci. de 8t. Peterebourg, 1869, vol. xtfl. p. 40 ; Bri 
Aeaoc. Bep., 1869«p. 67 ; W. Roberts-Austen, Jour. Ir6n and 8teel Inst., 1887, No. ] 
p. 71 ; and S. MaWmowitsoh, Zeit. f. Elektrochem., 190$,;7oL ii. pp. 62 and 91. als 
F. Haber, Seii. f. EleHrochem.. 1898, vol. iv. p. 410. 
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'' it appears that Professor Jacobi, at St. Petersburg, has also made a 
discovery which promises to be of little less importance to the arts. He 
has found a method— if we understand our informant rightly— of con- 
verting any line, however fine, engraved on copper, into a refief by galvanic 
process. The Emperor of Russia has placed at the professor’s disposar 
funds to enable him to *coAplete his discovery.” The process was used 
continuously at the Goverment pidnting-^ress in St. Petersburg from 
the time of its invention until-t-at any rate— ^-he recent Russian revolution. 
It was also used at the Go' yn*nentprfes in Vienna. (3) For the following 
engineering purposes w The fori^tion of “ steel ’’^driving bands on shells ; 
the building up of v\rn and radergauge parts of aeroplanes ; lining 
aeroplane engine cylinders ; the <(»mation of bushes on ball races 
other parts ; coating stlel tubes ; and many others, including the manu- 
facture of sheets and tubes ^ 

A few remarks upon the above-mentioned uses and applications of 
electrol 5 rtic irop will be in place here. In the first place, it may be at 
once said that where the expression “ steel ” is used in connection with 
electro-deposited iron, the use of tbvi word is unwarranted and apt to 
be misleading. Steel has never been electro-deposited ; tentative trials 
have been made to that end, but only iron admixed with a percentage 
of carbon was obtained. Next, it may be remarked that the object the 
deposited metal has to subserve renders it necessary to study its pro- 
perties closely ; and, since these vary according to the conditions of 
deposition, the control of these is imperative. The object of the depositor 
should be to obtain iron possessing certain pre-determined properties, 
and he must not be content with merely the deposition of iron. And, 
thirdly, since the margin within which the process can be carried out 
economically is narrow, the question of cost must always be kept in mind, 
and the waste usually associated with electro-deposition processes rigidly 
avoided. 


PROPERTIES 

Electrolytic iron is, almost always, of a fine light grey colour. If it 
is dark in colour it will almost certainly possess properties, such as 
brittleness, for instance, which are, in nearly all cases, undesirable. 
The deposited metal may or may not be pure : it may contain hydrogen, 
darbon, sulphur, and other elements in greater or less extent. Further, 
it may be hard or soft, brittle or tough, sound or unsound as regards 
cracks and crevices, of uniform or various fitructure, both in one and the 
same sample, and from specimen to specimen. All those propeHies 
depend upon the conditions under which the iron is deposited : they have 
been considered by the writer elsewhere. ^ The thermal properties/!' the 
metal are of considerable importance to the engineer. Its crystallizing 
(or re-crystallizing) properties on heating have been carefully studied by 
Professor H^C. H. Carpenter and Dr. J. E. Stead.® These authors remj||pt 

^ L. Guillet, Jour. Iron and Steel Inst.j 1914, No. 2, p. 66. 

* Vide Jour. Iron and Steel Inst., 1920, No. 1, p. 321. *- 

* Jour. Iron find Steel Inet., 1913, No. 2, p. 119. 
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that the crystallizing properties of electrolytic iron are of great, scientific 
interest, for in certain respects they are precisely the opposite of those 
of very mild steel and wrought iron. It may be added that these crystal- 
lizing properties are also of considerable importance. As typical ol the 
‘difference referred to by ‘Stead and Carpenter, the following comparison 
is given : “ The very heat treatment that prfl|flufies coarse crystals in the 
electro-deposited irons refine^ wrought iron and very mild steel that have 
been rendered coarsely crystalline by ‘ clo^-annealing ’ between 7(K)° C. 
and 800° C. On the other hand, aniAalinw at 700° C. to 800° C. has no 
effect in coarsening the Structure of the^^ctro-dejpsited iron which has 
been refined by cold mechanical work. In th«e respects, therefore, 

( the behaviou^ of electro-deposited is precisJy the opposite of that 
of wrought iron and mild steel. TheTe-crystallimtion phenomena of the 
pure electro-deposfted iron can be most satisfactorily explained on the 
assumption that at Ar3 the iron changes direct from the y to the a 
condition.” ^ This matter of the peculiarities shown by ^lectrolytic iron 
upon heat-treatment is of technical importance to the engineer, because 
it will be found to be often necessary to heSt-treat the deposited metal 
after deposition if it is to be of real service for engineering purposes. 
It is, therefore, necessary to know what the effect of heat-treatment is, 
an d ho w the result of su^h treatment compares with that obtained in 
th^BRses of other irons and steel. In connection with annealing, the 
recently published work of J. Cournot may be mentioned. As has been 
already stated, electrolytic iron may contain hydrogen ; it will often be 
necessary to get rid of this impurity, for the presence of the gas in the 
metal may well give rise to a modification of its properties. Cournot 
has shown 2 that the time necessary for complete anneading varies with 
the temperature employed, if, indeed, one makes the assumptions he does 
that (1) the gas forms a hydride with the iron — a hydride easily disclosed 
by the microscope — and that the presence of this constituent is associated 
by an increase of hardness in the deposited mStal. The present writer 
does not kno^of anything in the liferature of electro-deposited iron that 
proves beyond doubt either that the included hydrogen forms a hydride 
with the iron or that hardness is the result of the inclusion of the gas ; 
it is quite certain that the microscope does not disclose anything in the , 
nature of a hydride. The writer is, therefore, not prepared to accept 
Cournot’s assumptions as justifiable; •but while that is sd, Cournot’s 
work shows that the annealing of electrolytic iron is not the simple mattef 
it is usually supposed to be, and the hardness of the metal will vary with 
the length and temperature qf the annealing to which it is subjected. 
Another property of electrolytic iron that may well be of great importance 
is its amenability to “ case-hardening.” This property has, up to the 
presint, been but very casually studied, and no very reliable data are 
avai^le. A paper by W. A. Macfadyen,^ though not of much importance 
in other respects, dbntains some interesting and, it is believed, new 
obi^rvations with regard to the results obtained when electrolytic iron 
is^ftlse-hsftdened. He found that if iron was deposited upon S steel base, 


^ Op. cit. at pf . 144 and 145. 


> Compt. rein^.y 1920, vol. olxaci. p. 170^ 
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e,g,y a stqel tube, and the whole then annealed at a temperature above 
900° C. for a short period, case-hardened at 800° C., and slowly cooled, 
the dividing line between deposit and base metal disappeared, and that 
there was no break in continuity between the two. Macfadyen’s experi- 
ment is indicative only, it is true, and its indication is negative rather 
than positive. It shows^fch^ deposited iron can be subjected to “ heating 
in a nitrogenous carburizing mixturea” at th» temperature stated, without 
harmful results occurring. He does not seem clear as to the objects 
to be obtained by case-hardenmg, aiid he gives no.comparisons as between 
the Brinell or other hsrdness oN^e treated and untreated m§tal. Indeed, 
he previously states mat heatmg at 950° C, for two hours is of itself 
sufficient to cause an Literlocking 4f the grains of the deposited me^al 
with those of the steel^base. After such treatment the dividing hne 
was obliterated, its former position being marked by ‘a wide, shady area 
between lighter deposit and darker basis metal.” The importanif* point 
to be noted is^that, by the application of the ordinary heat-treatment 
processes, the sharp dividing fine that always exists between deposit 
and base metal can be eliminated. Tke electrical and magnetic properties 
of electro-deposited iron cannot be discussed here: references willibe 
found in the note ^ to some important literature on these properties. 


ELECTRO-DEPOSITION OF IRON 

The number of solutions (or baths) that have been proposed for the 
deposition of iron is very great. But the number of these that are of 
any real use is ‘'very small. 'With few exceptions, iron baths may be 
divided into two classes, namely. Chloride baths, or those based upon 
chlorides of iron, and Sulphate baths, or those based upon the sulphates. 
One of each class will be considered here : they both belong to the small 
number already referred to, and both have been put to practical workshop 
test. 

I. The Ferrous Calcium Chloride Bath 

This solution has proved itself of great worth in the workshop for 
depositing iron for a large number of purposes. It has been subjected 
to a thorough investigation by tke writer. ^ 

(a) Composition and Electrode Reactions 

The ferrous calcium chloride bath is composed of : 

Ferrous chloride, 450 gms. (16 oz.). 

Calcium chloride (anhyd.), 500 gms. (18 oz.), 

and 

Water, 750 c.c. (^gal.). 

1 C. F. Burgess and A. H. Taylor, Electrochem. and Met. Ind.^ 1906, voL iv. p, 208; 
C. F. Burgess And J. Aston, ibid., 1910, vol. viii. p. 191 ; L. Guillet, Jour, iron and Sted 
Inst., 19U, No. 2, p. 66 ; B. Neumann, Stahl, u. Bisen, 1914, voL xxadv. p! 1637 ; and 
C. Duisberg, Internat. Cong, of App. Chem., 1912, voL xxviii. p. 60? See also Zeiit. /. 
Elektoehem., 1909, voL xv. p. €96. * 

* See W. E. Hughes, Erwe World, 1922, vol. xviii. p. 2(U. 
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(i) Composition, Ferric chloride (ordinary perchloride of iron) may 
be substituted for the ferrous salt, if it is more convenient to use the 
former. But, in this case, it will be necessary to reduce the ferric iron 
ko the ferrous condition, since solutions of ferric iron do not yield a deposit 
}f metallic iron. This. can be done thus: Add to the solution about 

oz. of pure hydrochloric acid to each gaUpi? of the bath ; suspend 
from the cathode jod as many and as lar^ pieces of scrap iron as possible ; 
md pass as much current as'^possibU tl^vgh the solutipn. The tydrogen 
^as liberated at the cathoiJbs will ^p^fi^the ferric iron to th^ ferrous 
state. The ^passage oithe current should be continued until a drop of 
bhe solution removed on a clean.} glassWbd fails ^o produce a dark blue 
precipitate when introduced Ij\to dilute ^’^Vion of potassium ferro- 
[yamde (yellow prussiate of potwh) contamj^ in a glass test-tube. 
The following substances may be used instead of calcium chloride, if it is 
more convenient : common salt, aluminium chloride, or magnesium 
3hloflde. The writer’s experience is that common salt is quite a good 
substitute for the calcium salt ; but, for preference, thkf should be used, 
if possible. 

(ii) Reactions. It has been state*d in a former chapter that the reactions 
[)t}curring at the anode and cathode, while a bath is being electrolyzed, 
Aoiild be known as far as may be. By this means only can a really 

control of the working of a solution be maintained. If the remarks 
made before be referred to or remembered, it will be seen that the double 
chloride of iron solution complies with the requisites of a good solution 
in this respect, namely, it is simple in composition. Nevertheless, it is 
bhe fact that the electrode reactions occurring during the electrolysis 
of the solution have never, so far as the writer is aw^re, been worked 
out scientifically. In the absence of strictly accurate data, one must, 
therefore, have recourse to the lessons and observations of practical 
experience. In the first place, it soon becomes evident from workshop 
experience that the anodes dissolve well ; and, further, rough calculations 
have convinced the writer that, working at current densities round about 
120 amp. /ft.*, ’the cathode efficiency is about 95 per cent. A current 
density of 20 amp./ft.^ can produce, as the maximum, a thickness of 
O-OOr per hour from an iron (ferrous) solution. Time after time the 
writer has obtained, from the double chloride bath, a thickness of 0-006* 
in one hour, working at 100 amp./ft.^ Next, bearing the foregoing facts'* 
in inind, one may be sure that the main reaction at the cathode is libei^- 
tion of metal (iron). Some hydrogen is liberated, but the amount in 
weight must be very small. Looking to the anode side, the fact that 
the anodes dissolve so freely 'proves that the bath must be getting metal 
from them readily. The solution of the anodes is, no doubt, due to libera- 
tion of chlorine at their surfaces. The presence of chlorine in the^inode 
regitti can easily be shown by chemical tests. Thus, simple observation 
shows that the majn reactions of the bath are liberation of iron at the 
cathode and of chlorine at the anode. But it is not, in the absence of 
soientifift proof, at all certain that these “ end ” reactions, a%they may be 
called,- are no^ the results — ^the algebraic sums, so to say — of other and 
more complex ^reactions. Indeed, there is very good reason for believing 
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that they are ; but to discuss the grounds for this statement would lead* 
us far beyond the purpose of this book. If the “ end ** reactions be kept 
in mind, it will be sufficient, for control purposes, if these be considered 
to be the result of discharge of 'ferrous and chlorine ions at the cathode 
and anode respectively. The electrolytic role of the calcium chloride is 
thus undetermined ; and it may for practical purposes remain so. One 
function of the calcium sal^' may, however, be noted, namely, that the 
addition of this substance prevents leady alteration of the electrolyte^^ 
at higher temperatures, wheth^.r by^ evaporation or oxidation.” ^ 

H) Conditions of Deposition 

The most suitable wltrking condi^^ons have shown themselves to be as 
follows : Current density, 90 to 120 amp./ft.® This requires an E.M.F. 
of about 1 volt for an electrode distance of about S'". Temperature, 
90° to 110° C. Anodes, Swedish Iron anodes are the best to usl6. If 
sheet steel is used for anodes, a material as low in carbon as can be 
obtained should be employed, since the carbon, derived from the solution 
of the anodes, being exceedingly fiiie-grained, will float about in the 
solution and become incorporated to some extent in the deposit, forming 
an impurity in it. Carbon may give rise to other troubles also. It should, 
therefore, be avoided as far as possible. 

(c) Ohservaiions on Working Conditions 

One great advantage of the ferrous calcium chloride bath is that its 
working limits are wide. This fact goes far towards making the bath 
“ fool-proof.” It is advisable,' in order to secure the best results, to keep 
fairly close to the conditions given above. The temperature must not 
be allowed to faU below 80° C., since at temperatures much below this^ 
the deposit obtained is unsatisfactory. The current density employed 
may be an 3 rthing up to ^500 amp./ft,^ A current density of this value 
will give an average thickness of deposit of between 0 0U9'' and O-OF 
per hour. Though this is so, yet it may be inadvisable to work at so fast 
a rate. The internal structure of the deposit depends upon the conditions 
»that obtain during the deposition : the structure of a deposit obtained 
at 100 amp. /ft. 2 will be different from that of one formed at 200 amp. /ft.* 
Temperature is another factor tlfet affects the structure of the deposit. 
The following sequence of changes occurs in the microscopic aspect of 
the deposit as the temperature rises from room temperature to above 
90° C. : Very dark, bright, and hard, up to a temperature of about 35° C. ; 
from this on, the deposit becomes lighter in colour, but remains bright 
and tard, then, as the temperature continues to rise, it becomes gradually 
more and more pale grey and less and less bright and hard ; y^ve 
80° to 90° C., the deposit is light grey, matt or finely crystalline, and 
soft in aspect. It has to beTemembered that macroscopic and microscopic 
features cori^spond generally ; hence, there will be corresponding changes 

^ £ng. Pat. Nos. 24,841 (1009) and No. 26,969 (1910). For a disoussion on the properties 
of iio^ £poeated from the double phloride bath, see Stahl u. Eiaen, 191£, pp. 801 to 806. 
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‘in the internal structure of the deposit as the temperature rises. It will, . 
therefore, be seen that, although the dif erence of temperature, 90*^ to 
110*^ C., and variations of current density of some few ampdres per square 
foot about the mean current density 120 amp./ft.^ will not make any 
great difference, the conditions given above should be approximately 
adhered to in general. Another working con^tjpn that is of considerable 
impoii»noe has nqt yet been referred to. Should movement be employed 
in the case of this bath ? The advantages of movement (of. solution or 
cathodes) have been points out fy thf| general case in the previous 
chapter. The principal reason why movement should be employed in 
the case of tne ferrous calcium chloride'diath is c^bected with structure. 
If two deposits be formed under the condition? above given, and the 
current density and temperature aA the same jja both cases, then, if in 
the one case the cathode be moved during the deposition, the deposit 
in this case will be matt, while in the case of the other deposit (where 
there* was no movement) it will be seen to be crystalline (cf. Fig. 2). 
Rod movement is the best kind to adopt in the case ofrfhis bath. 

II. The Sulphate Bath 

• 

A great many baths founded upon sulphate of iron have been pro- 
posed. Each is considered to be the best by its ‘‘ inventor.” Many of 
them have been patented, though few would satisfy a Court of Law that 
they contained pood subject-matter. The element of novelty is usually 
conspicuous by its absence. A knowledge of the requirements of a good 
solution for depositing metals enables one quite easily to build up a 
bath suitable for the deposition of iron from the sulphates. The bath 
proposed by Dr. Schlbtter ^ may serve many purposes.* 

(a) Composition and Electrode Reactions 

(i) Composition, Schlotter’s solution contains : 

“Acid ” ferrous «ulphate, 160 grms. 

Sodium sulphate, 100 grms. 
and • 

Water, 1 litre. 

No light is thrown upon what is meant by add ferrous sulphate by 
the chemical text-books. Any such special salt (if one exists) is npt 
an ordinary article of commerce, and would certainly be expensive. 
It may safely be said that ordinary “ green vitriol ” can be used. The 
use of sodium sulphate may* be advisable on several grounds. One of 
these is that it will perform the function of a “ conducting salt ” ; another 
is that, at the concentration employed, the two salts may combine to 
fofitAone salt which will give a complex anion containing metal (iron) 
as a component.® , It is well known that solutions containing such 

rti »Ger.Pat.No.309,271 (l. 12. 17). ^ 

*On tEe subject of ** complex ions,” which the writer believes to j^y a consider- 
able nftle in the reaction of depositing solutions, the reader will do well to consult B. A. 
I^hfeldt’s Ekctro-chemislry, 1^4, p. 133. (Longmans:)* • 
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complex anions often give better deposits than solutions containing 
only simple ions. The silver, copper cyanide, and nickel ammonium 
sulphate baths are examples. .The double salt of sodium and iron is, 
probably, more soluble than the double sulphate of iron and ammonium, 
and hence the solution can contain a higher metal content. None the ^ 
less, it has been shown many times that where the solution is worked at 
a high temperature (as in ochlotter’s) the ammonium salt serves quite 
well. And again, so long as the metaS content is high, the precise amount 
of iron salt used is immateriaf. Sahlotter ^ates that the bath is to be 
maintained slightly acid. Herein lies one of the difficulties of working 
sulphate baths. Thej^must be^ept slightly acid if the best results are 
to be obtained from them ; but t^e^cidity naust be slight only, and the 
difficulty is to maintainvthe proper Uegree of acidity. As will be sho\fn 
later, acid very markedly alfects the structure of irox deposits ; more- 
over, any considerable acidity causes liberation of hydrogen, an4 thus 
leads to lower cathode efficiency. The point of special note is that any 
sulphate bath ifrade up on the lines of Schlotter’s solution, one, that is, 
that is built up with the requisites of^a good depositing solution in mind 
(high metal content, few kinds of ions, conductivity, and so on), will 
give good results. 

(ii) Reactions, The same general remark that was made above with 
regard to the reactions of the ferrous chloride bath apply heffe nfco. 
No scientific work has been done upon it,^ and, therefore, one has to 
use observations and experience for the purpose of exercising control. 
Here, too, there is but little hydrogen evolution at the cathode : the 
main reaction is separation of iron. At the anode the reaction is 
mainly solution ,of the iron or steel of which this consists, for there is 
very little evolution of gas (oxygen), and the anodes dissolve well. 
Some functions of the sodium sulphate have already been mentioned. 
If the bath is^ made slightly acid (this time with sulphuric acid), 
the anode efficiency will increase, but the cathode efficiency will decrease 
because more hydrogen will be evoh ed. A. Pfaff ^ ma^tains that the 
sulphate bath should have an acidity of 0-01 N, if the deposition is to be 
long continued and the deposit is to remain smocToh. The writer’s experi- 
ence is that much less acid is necessary, unless one wishes to secure 
*tinusually thick deposits — ^greater, that is to say, than some 0*01'’ to 
0015". 

(6) Conditions of Deposition 

It seems to be generally agreed that the sulphate bath must be worked 
at a raised temperature. 6. F. Burgess* and C. Hambuechen state® 
that they work at 30° C. A. Pfaff gives 70° C. as the temperature at 
whiclf he obtained the best results. It is certain that if it is desiri^^to 
use high, current densities the temperature must be at least aEM^gh 
as 60° to 70° C. The w?:iter has used the following conditions with 

^ On, that is, what may be called “ double sulphate baths. But ci A. Russ and A. 
Bogomolny, Z$ct.f* Ekktrochem., 1906, vol. xii. p. 697. 

• Zeii. /. Ekhtrochem,, 1910, vol. xvi. p. 217. ^ 

^ Eketrochem, Industry, 1904, voL ii. p. 184; Trans. Am* Ekctrechem, Eoc*, 1904, 

▼oLvfp. 201. * 
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success : Temperature, 70° to 80° C. ; Current density, 100 anip./ft.^; 
with this current density he has obtained deposits of sound and close- 
grained metal up to thick, and at the* average rate of 4J>thousandth8 
. of an inch per hour ; Amdes, Swedish iron. 

{c)« Observations on the WorJ(Ag Conditions 

The working limits of tlfe sulph^e b^^h are wide, except in regard 
to the important mati^r of free acid content. But the sulphate bath 
compares badly with the double chlflside in tVese respects, namely, 
(1) the rate of oxidation of the solution is much^eater (in the absence 
ot considerable free acid), and (2) thb fate of ev^oration is greater also. 
The latter defect is especially harmful, since it is frequently necessary 
to add water to tne solution, and this causes both a temperature drop 
and, fhore important still, the sludge at the bottom of the vat to be stirred 
up. For work on a large scale an automatic water feed h£#t() be arranged. 
As regards the employment of movement, the remarks made above in 
regard to the chloride bath apply fo the sulphate solution also. 


^ . GENERAL RULES OF PRACTICE 

It is to be noted that the amount of a substance wliich can be held 
in solution at any temperature is limited. In general, the higher the 
temperature the more solid substance the solution can contain. It 
follows that a solution saturated at a higher temperature will deposit 
salts as the temperature cools. This is the case with hot iron baths, 
and is a source of inconvenience and, sometimes, of trouble. In order 
to prevent as far as possible the precipitation of salts, it is well to adopt 
some such procedure as the following : Wheij work ceS-ses at the end 
of the day, the heat supply, instead of being shut off, should be reduced 
only, the solutton level having first been made up (if necessary) with 
hot water. At week-ends and before holidays such procedure would be 
too costly. In the case of the chloride baths there will be no difficulty 
in breaking up and re-dissolvmg the cake of salts which separates ; but* 
in the case of sulphate baths there will be more difficulty, since sulphates 
of iron are much less soluble than chlorides. In this case there is nothirjg 
else to be done except to maintain a small heat supply over the week-end 
or holiday, or to use a less-concentrated bath. This is a matter of cost 
and convenience, and has to be settled, in each case, in the light of 
working experience. A rule of practice which should be observed in 
the case of iron baths, and especially in the case of those that are main- 
taihCd acid, is that the anodes should be removed from the solutions 
when work ceases ; ^they should be well scoured and then dried. Another 
rule of practice, of general application, is one that should be observed 
very cargfuUy in iron deposition. It is this : when once deposition has 
begun, the artjcle receiving the deposit must not be removed from the 
solution, whether “ to see how it is getting on.” or for any other purpose. 
Every time that is don^the continuity of the deposit is broken : every 
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BUcli discontinuity can be seen on the polished and etched surface of the 
deposit. It is marked by a line (as seen in Fig. 12), and it may eainly 
become the locus of fracture. For a similar reason the current 
not be cut o£E during the deposition. And again, if movement is employ^, 
this must be continued throughout the whole period : any sto{^>age of 
the movement can be seen ^ a polished and etched surface be examined 
(Fig. 13). There will be a change in fttructute, resulting. from the change 
in conditions of deposition, namely, ^notion to no motion. 


STRU(^TURE OFpON DEPOSITS 

(a) Macroscopic, The appearance of a deposit should be light grey 
in colour, and it should be smooth. There should be little or no outgrowth 
at edges and corners. It should be either matt or very minutely crys&Uine 
to the naked ey & : if it is bright and metallic, without visible structure, 
the deposit will be hard, but brittle. If the colour is dark and the deposit 
has, apparently, no structure, too much current has been used : excessive 
current is also proved by a powdery deposit, especially on corners afid 
edges. Where an acid solution is employed, the deposit will be bright 
and hard-looking, but light grey if too much acid is present in the had^h. 
If no means of movement is adopted, the macroscopic aspect will be, 
under normal conditions, crystalline, and the higher the current density 
employed, the more coarsely crystalline the deposit will appear. If 
movement is us^, then, if the deposit looks crystalline to the eye, one 
can be pretty s^ire that the ^etal content is too low for the current' 
density used : in this case, either more metal must be added or the 
current density lowered. 

(b) Microsco^, As with all electro-deposits, so with deposited iron, 
macroscopic feaWes and^croscopic structures are correlated. A matt 
or bright deposit will be fibrous within : it will look as thoijgh it consists 
of thin threads or fibres. Acid and movement, each of*'them, will give 
rise to such an internal structure. If the deposit is crystalline to look at, 
the internal structure will be more or less coarse. It will consist, not of 
^breads or fibres, but of grains which grow wider from within (near the 
base metal, that is) outwards. The more coarsely crystallke the deposit 
i^pears to the eye to be, the larger the grains of which it consists 
WiU be seen to be if a polished and etched section be examined under 
the microscope. 

Figs. 2 and 3 (Chapter II.) make quite c^ear the difference between the 
fibrous and the so-called “normal^’ structures, the latter being that 
coirciponding to a crystalline surface. Fig. 4 of the same chapter and 
Fig. 8 of Chapter III., also show the internal structure correspond^ to 
a coarsely crykalline surface. , 

It is very clear from tlie illustrations in this chapter that a deposit 
that 18 fibrops tiiroughout its thickness is more homogeiie<ms in^rtmcture 
than any normal/* stoicture can be. Where honiogefi^ty k re^mred, 
precautiopi must be taken- to adopt the deposit!^ ccndltiohs mat will 
produce it. At the same time it has to be that n fibrotJ 
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Line due to -> 
interru p- 
ti^ of the 
current* 



FiL^ \± 


X lOO. 


Deposit fonnetl in sulpliate of iron solution containing; consitlerahle free acid. 
The fibrous structure is very marked. 



t 

Fig. 13. X 100. radial crack 


Deposit formed in chloride of iron .solution. The 
change of structure from q (cathode moved) to 
h (cathode .stationary) is clearly f^iown. 



X imK 


- 15. 

'J he same deposit as sliown in Fi*". 14. Hei^p the nia^^niiicatioii is 
liifjher and*tlie photo<^rapli sliows tlie idiomorphie character of 
* tlie surface of the deposit at the time when the acid was added. 





* 1 ^- ^ 

This «l(!i>osit has a luoUen, hut still “ normal, structuio. • 
,lt ^^as foriiie<l in a small qiiaulily (»f soiiitum 
•(•JoO CM'.) ami at hij^h (M). (120 arnn./ft.-) 
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stractiire usuafly connotes brittleness, while a deposit that looks coarsely 
crystaliine is nearly always naor^'or less malleable. It has also to be 
observed that if a fibrous structure is being produced, and the conditions, 
are changed during the deposition (if, for instance, movement is stopp^, 
or, where acid is used to effect the fibrous form of structure, the acidity 
becomes too diminished) there vdll be a phange in the structure. Thus, 
a deposit that is fibrous to begin with may change to one of normal type. 

13^ shows this change : •it was cjpe in this case to stoppage of move- 
ment. Pigs. 14 and illustrate the change — a very sudden one — ^from 
normal to filSrous, caused by the addition of an excess of acid to the bath.^ 
Fig. 15a which is a micrograph of this deposit at higher magnification, 

^ stows that at the time the acid waa*iiftroduced the surface of the deposit 
was covered wit)j idiomorphic crystals of iron. Such a surface would 
have appeared to the naked eye very coarsely crystalline indeed-— 
aparSling and brilliant from the light reflected from the face^ of the 
crystals. The subscripts to Figs. 16 and 17 indicate i^iuficiently what 
they are intended to show. Fig. 17 is especially noteworthy. 

A point that it is particularly -fished to emphasize in connection with 
' the illustrations of structure given, is that by the study of structure the 
depositor comes to obtaij). a very much greater control over the deposition 
proce^. A correlation of conditions of deposition and structure helps 
one to know of what a deposit really consists and, hence, to some extent, 
what its physical properties are. 


KEFERENCES 

The author’s Electro-deposition of Iron (published by H.M. Stationery Office) 
contains, as an Appendix, a list of all the more important work on Electrolytic Iron 
and its Deposition, published before about the middle of June^ 1921. Since that 
time the following papers have appeared : ^ * 


A. E 


GiftJERAL 


ma.— ' Econonii<i Aspects and Possibilities of Electrolytic Iron.” 

Thw^fas a paper read before the Amer, Min. and Melallurg. 8oc.f Sept. 1922. 
B. STOUGHTOisr — “Commercial Pure IronA<nd the ‘Direct Process,’” Chemicqf 
Age (Amer. edit.), March 1922. • t »» m a 

W. E. Hughes, “ Researches on the E^ctro-deposition of Iron, 2 rans. Am. 

Electrochem. Soc.f 1921, vol. xl. p. 186. j 

The discussion on this paper contains interesting information. 


APPLigATIONS AND USES 

B. Stoughton.— “ Electrolytic Iron— a Commercial Product,” The Iron Age, 

D^R^Kbu-o^.— ” Electrolytic Deposition of Iron aa appUed to Building up Worn 
and Under-sized Parts.” , 

This is a paper read before the Amer. Inst, of Min. arid MeUulurg. Eng. 
W. E. Htohks.— “ Bmlding up Worn parts by Electro^Jeposition,” Chm. and Met. 
Eng., 1922, vol. xwi. p. 267. • ■ 

in the struotuie of eleotio- 
the Faraday Sooiet^^ 1922 


1 The writer Sas dealt more fully with the effect of acid 
.deposit^ iron in a paper read at the ordinaiy meeting of 
iwS xvii. p. 442. 
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ELECTRO-DEPOSITION 

H. IX Hinblinb. — “ Notes on the Electro-deposition of Iron,” Trans. Am. Electro- 
chem. Soc., 1923. 

This is an excellent paper on the practice of the deposition of Iron. 

C. F. M‘Mahon. — “ The Manufacture of Electrolytic Iron,” Chem. and Met. Eng., 
1922, vol. xxvi. p. 639. 

F. A. Eustis and others. — “ The Art of *Makmp* Electrolytic Iron,” Amcr. Pat. 
No. 1,412,174, April 11, 1922. 

PROPERTIES 

N. B. Filling. — ” Effect of Ht‘at Treatment on the Hardness and Microstructiire 
of Electrolytically-depositcd Iron,^' Trans. Am. Elcctrochcm. Eoc., 1922, v«]. 
xlii. p. 9. 



CH*APT*ER VI 
NICKEl. 

• rnilERE are two ideas, widely spil^ad, in regard to the electro- 
J., deposition of^nickcil that are (juite erroneous. The one is that the 
covering of an iron or steel article with a de[)osit of nickel ])revehts that 
articlefrom rusting, and the otlier is that nickel cannot be electro -diu^sited 
in layers of more tlian a very few tliousandths of an inch jp. thickness. 

Nickel deposits hi rdaimi to rust prevaition. ^Phe truth is that a 
nickel deposit will only prevent the subjacent iron (or steel) from rusting, 
'-*if cWid so far as it prevents access to it by the atmosphere, that is to say, 
in so far as it forms a comjdete, non-porous covering over the iron.^ 
If the layer of nickel is not complete (in the sense in which a coat of paint 
or varnish would be), then tlje nickel will, in fact, hasten the corrosion 
or rusting of the iron.- The reason is not far to seek : it may be expressed 
in the following way : When two different metals, in contact, are im- 
mervsed in an electrolyte, the one will dissolve or oxidize faster than the 
other ; the one that dissolves the faster protects, in a measure, the other. 
Electro-metallurgists say that the metal that dissolve* the faster is 
electro-positive to the other : in Continental writings the former metal 
is called less “ noble ” than the latter. Now, a nickel-plated cycle crank, 
handle-])ar, ammeter cover, or other article, may be regiW’ded, when in 
use, as two pieces of different metal in contact and immersed in an 
ej^’trolyte, lufm^ly, in this case, moist air, or, perhaj)S, more exactly, 
the jtu u )ou r ci)j gained in the atmosphere. This contains — 
alwa} s— more ot less carbonic acid gas dissolved in it : it may contain 
other gasf^s, for example, carbon monoxide, sulphuretted hydrogen, or 
ozone, and it may contain sodium chloiide and other like substances 
which, ill solution, form strong electrelytes. In such an electrolyte 
the iron is electro-positive to the nickel ; hence, the iron will dissolv# 
where the moist air has access to it, and solution results in oxidation or 
rusting. Access of the air (and its contained moisture) to tlie iron (or 
steel) is not entirely prevented by the nickel deposit, for tliis is sufficiently 
porous to allow of it-- at any rate when the layer of nickel is no thicker 
than that usually found on a nickel-plated article.^ Moreover, very few 
articles of commerce that come into the plating shop present a perfectly 
plane, unbroken surface : cast metal, especially, is full of pits and holes, 
and even drawn and polished steel tube is not free from surface defects, 

1 Vide Brass World, 1913, vol. ix. p. 382. 

“ Cf! M. Le Blanc, Lehrbuch der Elektrochem., 1911, p. 176. 

* Cf. Figs. 10 and 11, Chapter IH. 
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Nickel solutions are notoriously poor conductors of electricity ; con- ; 
sequently, but very little nickel is deposited upon the surfaces within the 
pits or holes, particularly when these are small in cross-section, but great 
in depth. Moisture and oxygen will gain access to the subjacent iron or 
steel by way of those holes, and rusting will result, and proceed faster, 
indeed, than if the nickel were not there.^ It is clear, therefore, that 
nickel-plating does not prevent rustiing or ccrrosion, except, indeed, where 
the underlying iron is completely covered, *as, of course, it is, or may be, 
over some portions of the total area of the plated article. And hence 
the use of nickel-plating to serve that end can be only locally effective. 

Thick nickel deposits. The idea that really thick deposits of nickel are 
difficult or impossible to obtain^ has undoubtedly arisen from the fact* 
that, in practice, a solution based upon the use of nickel ammonium 
sulphate,® as the metal-containing salt, is commonly employed. It is 
true ^hat, from such a solution, it is difficult to obtain deposits of more 
than a few thousandths of an inch in thickness. Usually, after this is 
attained, the depoj:^ strips or splits and peels off the base metal — the 
iron or steel. By taking great prebautions thicker coats of nickel can 
be obtained ; but, even then, the rate of formation of the deposit is 
slow, because where a solution contains nick(jl ammonium sulphate the 
current density employable is small, and, moreover, the cathode efficiency 
rarely reaches 90 per cent., and it is usually still lower in cases of con- 
tinued deposition. If, however, a bath of the composition indicated 
below is employed one, that is, that contains no ammonia and, hence, 
no double nickel salts, there is no difficulty at all in obtaining deposits 
of nickel of, within reasonable limits, any desired thickness ; and no 
special precautions and special manipulativcj skill are necessary to obtain 
them. 


PROPERTIES 

Electro-deposited nickel, like electro-deposited iron, 'varies in coI^’ m 
hardness, and its other physical properties, from cample t^' ^ ^luple. The 
properties possessed by any particular deposit depend upon both the 
, composition of the solution and the conditions of deposition employed 
to form it. It may be brittle or malleable. In colour it may be light 
or dark, blue, grey, yellow, tin-white, and so on.^ It is not true to say, 
hs one writer does, that nickel has a silver-white lustre. It may be so 
hard that it is difficult to finish, or so soft that quite a high lustre can 
be produced on its surface by mere rubbcng with the finger or a selvyt 
cloth. It is not easily oxidized or tarnished by the atmosphere, and it 
resists corrosion by other agents to a considerable degree. Indeed, its 

^ Le Blanc, he. cit. 

2 Cf. B. Blount, Practical Electro-chemistry ^ 1906, p. 113. 

® Tills salt is known in the trade as “ double nickel suits ” or “ double salts,” simply. 

* Namely, Solution 2. A paper on ” Ductile Electrolytic Nickel,” by C.- P. Madsen, 
Trans. Am. Electrochem. Eoc., ifcl, vol. xxxix. p. 483, contains much interesting infor- 
mation. \ 

*tCf. E. Jordis, Die Elehtrolyse wassriger Mctallsalzlosungen, 1901, p. 60 ; and M. 
Schlotter, Stahl u. Eisen, 1P21, vol. xli. p. 293. 
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properties make deposited nickel very serviceable for decorative pur- 
poses, wherein lies the principal purpose of its wide application in practice. 
It may be mentioned here that the coating often referred to as “ black 
nickel ” is not nickel at all. It is an undetermined mixture of nickel 
and other substances — oxides and, perhaps, sulphides of that metal.^ 


'THE DEFOSlTIOy OF NICKEL 

The rein traduction by Dr. Isaac Ad#ims of nickel-])lntiiig solutions 
made of the double nickel salts or nickel ammonium sulphate was a 
•great step in advance in the art of nicTvcl deposition.^ It is not true, 
as is sometimes a|leged, that Adams originally suggested tlie use of 
double nickel salts. The credit for this is due- to l)r. K. Bottger : ® 
a nickel solution made from the double salts was em})loy(‘d under Jiiose- 
leur’s direction at a works in Grenelle, France, as early^t*»}8d?)‘ Un- 
doubtedly serviceable in their time, such solutioii^iJTave, nevertheless, 
had their day, and tluiir use at tlnf present timers, for most purposes, 
"T)ad practice. This view has also been (expressed most emphatically by 
Prof. 0. P. Watts ^ ot Wis^^onsin University. The only further reference 
that will be made to the double sulphate ty])e of solution (except, 
perhaps, en fassanl) will be to make a comparison between solutions 
of that type and baths of the type that should, nowadays, be installed 
in all up-to-date shops. This will be done at once, and, for the sake of 
convenience and brevity, be done by way of a tabulation (sec Table 11.). 

In regard to the six matters in respect of which comparison is made 
in the Table, it may be said in general that — modern niclfel baths, based 
on the “ single salt ” (or nickel sulphate), are : (1) Faster in work and, 
thus, give a greater output, saving sj)ace, it may be, thereby ; and (2) 
more economical, because less troublesome to work — to keep in order, 
and to be made to yield satisfactory deposits, ^here is, too, less waste 
e^ijiOwer and iiufteiial. 

One fCS?^gr remark inspecting the cathode efficiency of the double 
sulphate solutioS. must be made. It has been claimed that this can be as 
high as 96 per cent.^ But the solution ui^d by the authors cited in Note 5 
contained nickel chloride in addition tcvthe double sulphate. Moreover, 
the deposition was conducted in the l^oratory and under special con- 
ditions : ® in this article the author is concerned with Works practice. 

^ For the composition of “ black nickclling ” solutions and the method of working 
them, see J. Haas, Metal Industry (American edition), 1921, vol. xix. pp. 23 and 73 ; 
and for a more scientific investigation of the deposit, sec K. Wetsch, Dias. Munchen, 1910. 
See also G. B. Hogaboom and others. Bur. Standards^ Tech. Pa])cr No. 190. 

* Amer. Pat. No. 93,157 ; and vide Trans. Am. Electrochem. <b'oc., 1906, vol. ix. p. 211. 

® Jour. f. praktische Chemie, vol. xxx. p. 267. 

* “ Some Observations on Nickel-plating Solutions,” Brass World, 1916, vol. xi. p. 33. 

* C. W. Bennett, H. C. Kenny and R. P. Dugliss, Jour. Phys. Chem., 1914, vol. xviii. 

p. 373 ,* Trans. Am. Electrochem. Soc., 1914, vol. xxv. p. 335. Cf. also, for useful informa- 
tion, 0. W. Bennett, C. G. Rose, and L. G. Tinkler, Jour. Phys. Chem., 1916, voL xix. 
p. 664. • 

* This remark applies also to the experiments of D. F. Calhane and Q. L. Gammage, 
Jour. Am. Chem. Soc., 1907, vol. xxix. p. 1268, who, however, used a solution of the dcyible 

^siits Qnly. 
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TABLE II 


COMPABISON OF DOUBLB NlCKEL SaLTS AND MODERN NiCKEL BATHS 



Double Nickel Salts Solution. 

Modern Nickel Baths. 

Metal Concentration 

Low! Not more than 8 to 12 
oz. of the salts can be dis- 
solved in 1 gal.’^of solution 
at the ordinary ,*emperatuTC.^ 
As ammonium sulphate accu- 
mulates, thq metal conkmt 
becomes less, since the double 
salt becomes less and less 
soluble in it, ahd, eonsequent- 
ly, is pre(upitated.‘‘' 

Nickel Ammonium Sulphate 
contains 14 87% Ni (metal). 

High. 3 or 4 lb. of metal 
salts can be easily retained 
in solution at the ordinary 
temperature.^ 

NH'KErf Sulphate contains 
20-9% Ni (metal). ^ 

C. D. Emplv;V>l^C • 

3 amp./ft.* (ajiprox.) in a still 
bath. 

The author has used as high 
a C.l). ns 20 amp./ft.** 
during long-continued de- 
])osition in a slill bath. 

Cathode Efficiency . 

Low. Randy as high as 
usually 70 to 80% in prac- 
tice.'’ 

High. The author’s deter- 
minations have shown that 
the c athode efficichey may 
attain 98%. Working with 
a 200 -gal. bath, used in a 
plating shop, the efficiency 
was found to be 96*5%. 

Anode Efficiency * . 

t 

Low. 

High (comparatively). 

Control 

“ The double niek( 1 ammonium 
sulphate electrolytes must be 
carefully watched during 
operation to ensure satis- 
factory products, and the 
plater knows that' his success 
depends upon keeping his 
solution at a chemical com- 
position having w^mewhat 
narrow limit;y”- O.W.Rrown, 
op. at. 

Easy (comparatively). Tlie 
anode and cathode re- 
actions are simjdcr, and 
troubles arising from al- 
kalinity do not occur. 

( Vide ivfrt , “ Defects of 
Nickel-plating.”) 
c 

Deposit . 

Very often hard^and difficult to 
finish. Often a bad colour 
dark or yellow. More liable 
to pitting and jxading. Only 
thin depo.sits easily obtafluod. 
Cf. E. Jordis, oj). cit., p. 02, 
and the authorities there 
cited. 

Usually smooth and soft : 
easy to finish. Uniform 
colour. Ijobs likely to be 
pitted or to strip (or peel). 
Thick deposits easy to 
obtain. 


1 The solubility of Ni SO4 (Nil j)., .SO4 6 H^O at 16" C. is 5-8 parts per 100 parts water ; 
that of Ni SO4 7 H.^0 is 37*4 parts per 100 parts water. Roscoe aud Sohorlemmer, Treatise 
on Chemistry, 1907, vol. ii. p. 1282. . . r • 

^ The whole of the metal salt can be thrown out of solution by the addition of suiiicieut 
ammonium stflphate, vide Roscoe and ychorlcmmcr, op. cii., p. 1282. 

* For interesting information on anode efficiencies, vide 0. W. ^rown, Trans. Am, 
Elecfrochem. Soc., 1903, vol. iv. p. 83. 

* See Chapter II., p. 13.^. 




. NICKEL 


.61 


^ICKEL-PLATING SOLUTIONS 

The recipes that have been proposed from which to prepare nickel- 
plating solutions are very numerous.^ It may be said, liowever, that 
there are very few objects of nickel deposition tha^t cannot be successfully 
achieved with the bath that is to be described in detail immediately, or 
some slight variant of it. It«is, lik^ the acid copper bath, one that is 
employable generally. For a fSw speciij purposes, for example, deposition 
on zinc 2 and, ^perhaps, Jiluminium also, a special and different type of 
bath may be more usefully employed. AM again, for very heavy deposits 
(of the order ^ in. to I'in., say), the solution may be preferably con- 
•stikited as given in Solution 2. 

SOLTITTON 1 
(a) Composition 

The constitution is as follows; *3 lb. of nicj^fsulphatc ; i oz. of 
fipmmon salt ; 1 oz. of boracic acid (j)owderecl) ; and 1 gallon of water. 
This bath, or a variant of it, can })c us('d for all “ still vat ” work, for 
barrel-plating, and for basket work. If the goods to be plated are heavy 
castings ^or the like) with very irregular surfaces, the composition, as 
given, should be varied by the addition of more common salt, in order 
to increase the conductance of the solution. Thus, another \ oz. of salt 
per gallon may be added in such cases. Similarly, for barrel-plating, that 
is, the deposition of nickel (or other metal) on a cpiantity of small articles, 
such as screws, nuts, springs or buckles, enclosed in, fcr example, a 
circular or drum-shaped celluloid or wooden container (with holes pierced 
through the celluloid or wood), that can be rotated in the solution on a 
horizontal axis, the electrol}d;e may well be made more conducting by 
the addition of more salt, and be made to yield •a still softer and whiter 
deposit by the^a^dition of another T)uncc of boracic acid per gallon of 
sSJution. Jim variation of composition to be made in any sj)ecial case 
(where it isne>iii^iry) is ^ jilattcr to be left to the experience and discretion 
of the operator. . g 

It will be interesting and instructive to consider briefly how far a 
solution of the composition stated conYrms to the recpiirements of a 
good plating solution as described in Chapter IV. In the first place,< 
it is to be noted that the composition is simple. There are only three 
substances present, namely (1) the mial-coniaining salt (nickel sulphate), 
(2) a condmting salt (common salt), and (3) the boracic acid. The electrode 
reactions that have to be considered are few in number, since the ions 
discl^arged are, almost entirely, the nickel ions, and the sulphate ions 
(or sulphanions, as they are sometimes called).^ Essentially, one has 
to do with the electrolysis of nickel sulphate simply. The bath will, 

1 Vide E. Jordis, op. cit., pp. 58 and 69, or W. G. Ehctro-metcilurgy, 1910, 

p. 218. 

* Vide Metal hid^stry (Amer. edit.), 1920, vol. xviii. j). 308. 

^ E.g.j by J. Walker, Ivlroduction of Physical Chemistry, 1907, p. 225. 
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therefore, be easy to control. Next, the anode and cathode efficiencies 
approximate closely to 100 per cent. ; hence the upheep of the bath is 
practically automatic, if good anodes are used. It iv rarely necessary to 
add metal salts : solution of the anodes supplies metal. Thirdly, the 
deposit is of close, fine-grained texture and, to the eye, non-crystalline : 
it is comparatively dqnse and non-porous. It becomes dull, soft, and 
smooth after deposition has continued for a short time ; and, con- 
sequently, it is easy to finish. Laj^bly, cofitrol is rendered still easier and 
more intelligent by the fact that /'he function of each of the constituents 
is known. The functions of the nickel sulphate and sodii^m chloride are 
evident ; that of the boracic acid is less so, perhaps. E. Weston,^ who 
introduced the use of boracic ,acid in nickel ' baths, claimed that this 
substance (1) prevented the formation of sub-salts (including oxides) 
at the cathode, (2) reduced the evolution of hydrogen, (3) improved 
che physical character of the deposits, making them softer and whiter, 
and iipnroved the adhesion of the deposit to the base metal, ttchlotter 
confirms mo35 o^^ these claims : ^ the author is also in a position to do 
so. He believes tii^c' the improveipents indicated are simply due to the 
fact that the boracic acid, being very slightly ionized in solution, affords 
just sufficient hydrogen ions at the cathode to prevent the formation ot 
oxides and hydroxides there, and the const quent deterioration of the 
deposit, but that the hydrogen ions are not sufficiently numerous to 
allow, after their discharge, of the inclusion of much hydrogen gas in 
the deposit, or materially to affect the cathode efficiency. 

It may be remarked that no claim to originality is made in respect 
of the composition given above. All the substances have been used 
many times before in nickel solutions : they have been used both individu- 
ally and in combination. There is nothing new in their use ; but the 
good features of a solution composed of them do not appear to be gener- 
ally known, ^nd included among these features are the general utility, the 
efficiency, and the economical working of the solution. 


(h) Worlcing Conditions 

These are : Specify gravilK, 18^ Be. (about) ; Current density, up to 
8 amp./ft.2; 2 volts, at 9 in. electrode distance, when 75 

amperes were being used on fift^n handle-bars, 3 volts to give 120 amperes 
on 112 cycle cranks, the electrode distance being approximately the 
same ; Reaction, very slightly acid.^ Litmus (blue) should be turned 
to a dull, wine-red colour only — Congo paper must not be turned blue 
or even darkened ; Temperature, above Fahr. ; Anodes of good cast 
metal should be used, and as many of them as the rods will hold ; Agita- 
tion is, as always, an advantage, but it is not essential. 

1 Amer. Pat. No. 211,071 (1878). 

* Qalvanostegie, Teil 1, 1910, p. 58, and vide Brass World, 1911, vol. vii. pp. 212, 234, 
and 317 ; but see per eonira, E. Jordis, op. cit., p. 00, and cf. also G. LangSein, Electro- 
Deposition Metals, sub. nom. “ NiokeL” The recently -expressed views of M. Schlotter 
will be found in Blahl u. Eiaen, 1921, vol. xli. at p. 273. 

• This may be maintained by very small and careful addition! olj 10 per cent, (by vol.) 
Btfiphuric acid (pure), or better, by using larger amounts of boric acid. 
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It wiU be seeif tliat the working limits of the solution are wide ; and 
this latitude is, oi course, a great advantage in works practice, and is 
yet another reason preferring the single sulphate solution to that made 
up from the doubla salts, which, as 0. W. Brown has stated, ^ has but 
narrow working limits. 

(c) Operatiofi of the Bath 

There are no special rules ^equire% to work this bath : the general 
rules of practice set ouj^ in Chapter iV. suffice.^ It may, perhaps, be 
well to remarl^ that, sometimes, new solttions do not give of their best 
at the start. This feature is common to other solutions, and was noticed 
^s Ipng ago as 1858 in connection with solutions for depositing antimony.® 
It is not definitely established why this is so ; it may be due to different 
sauses, possibly, in clifferent cases. The author believes it is often dujg^ 
in the cSlse of the single sulpliate bath here considered, to the saltsj^i^ing 
been crystallized from an acid solution and insiifficicntjii^#r2shed. He 
bas, however, invariably found that where this fi^i^re occurred, the 
irregularity quickly disappeared as the result of iHew hours’ work with 
iphtavy current on scrap cathodes. 

Solution 2 
{a) Composition 

This bath is based upon the use of magnesium sulphate. A process 
for nickel deposition, where a solution containing this salt was used, has 
been patented by M. Kugel,^ but this fact need not present one using 
similar solutions, for, even if the subject-matter of the patent was good 
in law, it is over twenty years old. A solution made up from the following 
constituents has given excellent results in practice : 3 »lb. of nickel 
sulphate ; 8 oz. of magnesium sulphate ; and *3 oz. of boracic acid, 
dissolved in l«g^lon of water.^ ItVill be noted that the amount of 
bm^cic acViJ^onsidcrabJc, but that will not bo found to be injurious.® 

» f 

(h) Working Conditions and (cl* Operation of the Bath 

What has been said above in relation to Solution 1 applies here also- 
in general. A current density of 10 to ] 5 amp./ ft.^ may be used, howevei 
even for long-continued deposition. The deposit has a somewhat bluish 
colour, which causes a plated afticle to look, to a critical eye, dark after 
buffing ; whereas the deposit from Solution 1 is as nearly white as a 
•nickel deposit can be. 

^ Op. cit. 

* These rules should b(? referred to again here. 

* G. Gore, Phil. Trans. Roy. Soc.^ 1858, p. 185 et seq. 

* 1>.R.P. 117,064 (1899). * 

® The bath recomraended by Kugel consisted of ; 100 grms. nickel bulj)hate, 100 grms. 
magnesium sulphate#and 1 litre of water, for work at OO*^ C. 

* Of. Brass Worl^, 1911, vol. vii. loc. ciL, and also C. P. Madsen, op. cit. 
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ANODES 

In a former place it was stated that further ^consideration would 
have to be given to the subject of anodes : the present is a convenient 
place to do so. In orc^inary works practice comparatively little attention 
is paid to the anode side of the plating tank, nc^fcwithstanding the fact 
that the proper functioning of tli^ anodes is of -^he highest importance. 
The two chief functions of anodes arc : 0)1^^ current into the 

solution, and (2) to feed the solution with metal. The ease with which 
the current can enter into a iiolution and the facility with which the 
anodes dissolve depend, so far ^s these are cotfcerncd, upon their shape, 
composition, and physical (metallographical) constitution. These tlire<i 
matters ought, then, to be regarded both by man^ifacturers and users 
• anodes ; but it is doubtful whether much serious attention }ias been 
pauH.it^cni in this country. 


.(a) The Shrpe of A^iodes 

This has been matter for much controversy. Flat sheets (of vai'ious 
dimensions), corrugated she(‘ts, and solid ekiptical forma have, among 
others, been strongly advocated. As the result of a scientific cinvestiga- 
tion, C. F. Burgess and C. Hambuechen ^ came to the conclusion that, 
of the three types, the elliptical (or oval) dissolved most easily, and the 
flat anodes least readily, und(‘x the action of the current. They also 
showed that the oval anodes dissolve more evenly, and that, with that 
type, there wa?^ less waste or scrap than with the others. At the same 
time, it must be remarked that these workers do not enlighten one as to 
how wear, of the kind to which oval anodes are subject, affects the 
conductance pf the anodes themselves and of the bath as a whole. Nickel 
anodes and the double* sulphate of nickel solution were used by Burgess 
and Hambuechen for the purposes of their investigation but the results 
are applicable generally to otlier metals and other solutions. 

(h) Clit^nical Comjmition 

Composition affects the rcaliiiness of solution of an anode to a very 
considerable extent, and, of coiirse, its conductivity as well. If anodes of 
pure nickel were used, they would almost certainly become “ passive 
after being in use for a short time, and then would not dissolve at all : 
the same remark applies to anodes of s?)me other metals, e.g. iron. In 
the cases of such metals it becomes, therefore, of importance to consider 
what other metals than the nickel, iron, and so on, should be contained 
in the anode in order to promote its solution, and what amount of this 
should be present in order to secure 100 per cent, jpfiiciency. Obviously, 
the other metals must not be such as, on solution, would injure the 
electrolyte., nor should the less freely soluble (less electro-positive, that 
is) material be so easily detached from the anode sludge that it will form 
^ Electrochem. Industry, 1903, vol. i. p. 347. 
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floating matter ih the solution and become a cause of rough deposits. 
The whole mattems one inviting and calling for research.^ Meantime, 
it can be stated m*at a nickel anode conforming to the composition 
given immediately 'has been found, in practice, to dissolve regularly 
and well, though the efficiency fell considerab^ short of the desired 
100 per cent. The cWposition was : Ni, 97*23 per cent. ; Fe, 0*88 per 
cent. ; and the diifermce consisted (d silica, carbon, and other insoluble 
matter.2 

Jc) Physical Constitution 

The physical constitution of an anode depends upon its metallurgical 
treatment, mechanical and thermal, ft is commonly agreed that cast 
metal dissolves mo^e readily than rolled, and that, in the case of nickel, 
.electro-deposited metal is the least satisfactory from the point of v^gp 
of its Wution. These facts have been established for niokej^r^ji^the 
double sulphate solution by W. Pfanhauser, jun.'h and Brown.^ 

But, assuming that a cast nickel anode is the mosUgjDliffile type, research 
is still required in regard to the proper castil^^ temperature, rate of 
«?ooiing, and like matters. These factors will affect the size of grain of 
the cast anode, and in other ways influence its physical constitution ; 
and it i^,well Imown that the solubility of substances in general and of 
metal in particular, depends upon size of grain and the like. It is quite 
possible — indeed, probable — that research in the direction indicated 
here, too, would lead to improvement in the solution efficiency of nickel 
anodes, even in the nickel ammonium sulphate solution. 


NICKEL-PLATING DEFECTS 

The last subject to be referred to is the defects J;o which mckcl deposits 
ire liable. The principal of them, ^heir causes and their remedies or 
»?.^ns of prevSitlon, will be found in Table III. 

Remarks on Ta^Le III 

(1) A defect (or “ trouble ”) may life due to two or more causes 
acting together, as, for instance, acidity* and low metal content, which 
would give rise to excessive pitting. To find what the cause (or causes) * 
is, the operator should work on 2 gallons of the solution only, as described 
in Chapter IV. : ® causes (and* remedies) should never be sought (or 
applied) by experimenting on the bulk. Moreover, proceeding in the 
.way indicated saves time and material, and, further, encourages con- 
> fidenCe. The practice of sending for an outside “ expert,” whenever 

^ Cf. W. M‘A. Johnson, ^lectrochern- Industry, 1903, vol. i. p. 48 ; Trans. Am, Electro- 
chem. Soc., 1902, vol. ii. at p. 173. 

* On this subject, see the important results contained in C. P. Madsen’s paper, already 

cited. • 

* Zeitf. Elektrocheffi., 1901, vol. vii, p. 698. 

* Op. cit. • 

?iom. “ The Upkeep of the Solution.” 
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TABLE III 

Defects of Nickel-platino 


Defect. 

<\ Cause. 

1 Remedy. 

( ■ 

Splitting or Cracking 

ff 

iTi^luAion of hyd:>jgcii (and, 
|K‘rhaps, of iron). 

Si)litting may be due, and 
probably is due, at least 
in part, to the internal 
jircssurcs or* strains with- 
in the metal during de- 
]X)sition.— G. G. Stoney, 
J*roc. Hoy. Sor., 1909, 
vol. Ixxxii. p. 172. 

Prevf Vion’, so far as possible, of 

ev'^lution of hydrogen at the 

ciJthode by : j. 

(i) Employing a lower current 
density ; 

(iJ) increasing the conduct- 
ivity, thereby decreasing Che 
E.M.P. acfoas the rods and prob- 
ably also the cathode solution 
peti'iitial ; 

(iii) Inc reasing the metal con- 
tent of tli(‘ bath by (a) adding 
metal salts, (6) frequently clean- 
ing the anodes, in order to 
facilitate their solution ; 

(iv) Employing a solution oiT 
^uch comjxisition that no con- 
stituents which easily give rise 
to hydrogen formation are 
{‘ontainc'd in it ; 

(v) Working at a suflSciently 
high tempc'rature, t.c. above 

Oo Fa hr. at the lowest. 

» 

Tekung or Stripping 

Bad Cleaning ; or Too 
groat acid conterU^ where 
the bath is “ worked ” 
on the acid side, or Too 
I'igh curretU density ; or 
Too cold a solv^on. 

Again, peeling can be 
caused by impurities in 
the solution, e.g. (ac- 
cortling to Sehlotter), 
petroleiinypnd other sub- 
stances us d in the pre- 
jiaration otthc work.^ 

For all these causes of peeling 
the remedies are obvious. 

The only r^a> remedy is to L 
proceed thus : ^ 

Fill up th^ .tCttihodc rods 
with scra^Tarticles, and pass 
through tiu solution as much 
current as possible. Test, 
every now and again, for 
improvement in the deposit 
by suspending and plating a 
well-cleaned article in the 
solution. This remedy is 
sometimes called “ Working 
out.” 

Brittleness . 

(а) According to Sch- 
lotter (op. c*L), iron, petro- 
leum, and organic sub- 
stances {e.g. decomposition 
products of citric acid, etc.). 

(б) Hydrogen. 

(а) “ Working out ” is* the 
only remedy, and it is here an 
expensive one. 

(б) See under Splitting. 


1 M. ScUotter, Stahl u. EUen, 1921, v ^I. xli. p. 293. 
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TABLE III — continued. 


Defect. \ 

Cause. 

Remedy. 

Bad Colour— 

(i) Dark, blacK 

streaks, green 
or vellow 

(ii) Black streaks ‘ . 

(iii) Bluish 

(iv) Grey-black 

• 

;Oo7npoHtion of bath or im- 
purities. Too high cur- 
, rent, density. 

Alkakiniiy. x 

1^'enco of^opper 
Oleine. 

(Hi) Magnesium salts. 

(iv) Too high cuifrnt 
deniity. 

The remedies in cases (i), (iii), 

aifl (iv) are obvious. 

(ii) Work out {vide Peeling). 

N.B. — To detect copper. Take 

20 c.c. of solution, make the 
volume up to about 90 c.c. with 
water, and then add 5 c.c. 
H0SO4 (cone.) and 2 c.c. of 
HNO{. Now pass a heavy 
current through the solution, 
using platiuiin electrod; 

(dean J^t wire as Cath*. Je^ i 
Copper, if present, wdl^^^e 
dcpCfc.A^'d as suchjj^.d^V^cannot 
he (leposf ^ tlio strongly 

acid a*yi|iTOytc. 

T’\tetect -me. Take 20 c.c. 
of th ' solution, add strong 
ammonia till the precipitated 
hydroxide is redissolved, and 
then add citric acid solution till 
the solution reacts acid. Now 
pass lloS gas. A white precipi- 
tate indicates zinc. — Vide Sch- 
lottcr, op. cit. 

Pitting . 

Hydrogen (i) Excessive. 

(ii) Slight. 

. ... .... 

(i) Vide Peeling. 

(ii) Agitate t^e solution ; use 
moving roads; or tap the cathode 
rods sharply at intervals. 

Lack of deposit in 
liollows 

1 

(a) Poor conductivity, d iic 
1,0 

(i) Original^om|X)S]- 
tion of tile bath ; 

(ii) Alkalinity. 

fb) 4 j0w metal content, due 
to poor anode efficiency. , 

( c) A cidity—usaal ly ^wo 
groat content. / 

The remedy is (obvious in each 
(uwe. 

Roughness or Lumps 

(i) Particles, floating 

about in the solution, settle 
on the articles being plated, 
and become incorporated 
in the depofits. 

(ii) A too high current 
density will cause a kind of 
roughness, but this kind 
differs from (i). 

It appears first on the 
•ends of articles or on the 
parts of them nearest the 
anodes, whereas roughness 
caused as in (i) is felt on 
the upper surfaces of the 
goods, especially. 

J .M 

(1) (a) Keep the anodes clean. 

Avoid dust. 

(6) Do not disturb the 
vat sludge during work. 

(0) Keep the solution 
coven'd when the bath is 
not at W(jrk. 

(ii) Lower current density. 

' 1 
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something goes wrong in the plating shop, is a thoVoughly bad one. 
More often than not, the “ expert ’’ knows no more /bout plating than 
the man in the shop — sometimes, indeed, not as mucl;/. 

(2) The defect that has been called “ pitting ” sometimes referred 

to as “ porosity.” PitV’ng may, at times, be so bf- d that it makes the 
deposit porous, but in general it is not sufficient for that. Porosity, 
proper, is a characteristic of all (or almost all) elec/;o-dcposits, and is the 
result of their crystalline structure/^' As a rule, th/'more coarsely crystal- 
line a deposit is, the more porous it will be. / ^ 

(3) In connection with some of the defects mentioned in Table III., 
e.g., irregularity of deposit due ^o poor conductivity or low metal con- 
tent, some remarks of Schlotter (op. cit.) on nickel anodes are important. 
They are worth quoting in extenso, especially as t^iey emphasize the 
i£ 5 jprtance of the anode question : they are certainly fully coijfirmed 
by" the^x^jffior’s long practical experience. “ Care must be taken,” 
says Schl^fei-, that as much nickel is dissolved at the anodes as is 
precipitated at the w 'y)des. Since^ now, where rolled anodes are used, 
solution at the anode does not keep pace with deposition at the cathodes, 
cast as well as rolled anodes are employed. In this way the m^'ff 
concentration is maintained at the desired f^rength. If rolled anodes 
only are used, the electrolyt-e soon becomes acid ; while the sale use of 
cast anodes results in an alkaline bath. Since evolution of oxygen occurs 
at rolled anodes, nickel oxides are formed, and an oxidation of the whole 
anode surface; takes place; : they become decayed (murbe) and spongy. 
This action is especially noticeable in cases of neutral or alkaline solu- 
tions : in acid, solutions it is less so. The explanation is that with rolled 
anodes solution of them de)es not take place readily ; e)n the contrary, 
so high a potential exists at the anodes that oxygen is evolved, and 
this causes o^fidation of the metal.” 
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CI^APTER VI 1 
ZINC 


r HE literature relating to tlie electro-deposition of zinc is ver}^ 
considerable ; and in it both eicctro-refining and electro-plating 
lavc received much attention. The former operation is not considered 
lere : ^ attention is directed to the process known as “ elcctro-galvani>- 
ng,”*the process, that is to say, which is concerned with th(^ el<fl?ro- 
leposition of zinc upon articles of iron and steel for th^^^^^se of pro- 
/ecting them from the action of corrosive agen(^^.>^ such as moist air 
ind sea-water. The latter forms •the sole ustvVor electro-plating with 
5llic. Of all the metals that have been used to hinder the corrosion ol 
ron and steel, zinc is certainly the most important and most effective. 
Dhis fact would probably not be disputed by most of those with experi- 
mce to judge ; but there is some difference of opinion as to the best 
vay of ai)plying the zinc to the iron or steel. Three methods have been 
adopted in practice, namely : Hot galvayiizing — ^that in which the article 
;o be coated is dipped in or drawn through inoltcm zinc ; Vaporization 
orocesses (including Sherardiziiig) — wherein the articles to be coated are 
leated in contact with a zinc-containing compound or ^substance, such 
IS the oxide or carbonate or other compound, and the vaporized zinc 
lecomes deposited on the iron or steel ; and, lastly. Electro-galvanizing. 
It would be out of place to discuss in detail ly}re tlie relative merits of 
;hese three jirocesses. In general, may with truth be said that no one 
)f them is uiiK^ersally the best ; whether this one or that should be 
idopted* d('-pends u])Oti j^ll the circumstances attending each pai'ticuhir 
jase. Factors •which, among others, l^ave to be considered are: (1) 
The, kind of ntetal to be treated — whetfier cast or rolled or drawn, case* 
lardened, tempered, and so on ; ® { m ) the use to which the article is 
}o be put, and here, especially, attention should be paid to any possible 
physical effects that the respective juocesses may have on the metalluf- 
pcal condition of the articles ; (3) the effectiveness— especially having 
‘egard to the particular case-^of the processes respectively ; and, parti- 
jularly, (4) costs. While detailed discussion is avoided, it is of interest 
ind value to refer to the opinions of such impartial authorities as Professor 
j. F. Burgess and Dr. W. Guertler. Burgess, as the result of a careful 

1 The zinc extractic«i process (by electrolytic meuns) is also, at the present day, 
•cceiving more attention. For a recent and very full account of thi.s, sec S. Field, Trans. 
y'ar. Soc., 1922, vol. xvii. p. 400. 

* A multitude of patents relating to such processes have been granted.* For example, 
n 1911 alone ther* arc four, namely. Nos. 5811, 14,537, 10,294, 23,205. 

• Vide L. Aitchison, “ Electro -plating for the Prevention of Corrosion,” Tran^ Far. 
[921, vol. xvi. p. 473. 

69 



70 . MODERN ELECTRO PLATING 

experimental investigation of the properties of zinc coa/ngs, came to the 
conclusion that the principal fact brought out by Ms work was that 
“ with the corroding agents adopted, electro-zinc has resistant properties 
far superior to zinc applied in the molten condition.” ^ Dr, Guertler 
studied the micro-structure of galvanized iron, ibid found that the 
electro-deposited metal could, like the zinc applied yy the other methods, 
be porous, and concludes that “ an absolute /iiuperioBfiy c.annot be ascribed 
to any one of the three processey^ n«imed*:” ^ lA may be added that 
Dr. L. Aitchison has quite recently expn'ssed view that, in general, 
the electro-galvanizing process b to be preferred.® 

PROPERTIES 

^"^Clie properties ])ossessed by electro-deposited zinc depend upon the 
conditio ruler wliicli it is formed, just as is the case with electro- 
deposits ofouief' ‘'H'tals. But zinc a])[)ears to be especially sensitive to 
those conditions, which the foiiiposition of the electrolyte is of 

great importance. The ih’eseuce of any considerable quantity of minejalp. 
acid (sulphuric or hydrochloric) affects the jiroperties of the deposited 
metal very markedly. Electro-deposited zinc d'tn have almost any shade 
of grey colour. It can be bright or dull and matt. In macroscopic aspect 
it can be smooth and (apparently) non -crystal line, or it can be rough 
and quite coarsely crystalline, the individual grains being easily visible 
through a hand-lens. Under the microscope a j)olished and etched 
section always appeal's granular (crystalline), even in those cases where, 
to the unaided tf-ye, the metal is bright and, seemingly, without crystalline 
structure. Sometimes, the do])osit is powdery or spongy. In such cases 
it is probable that the deposit is not pure zinc, but consists of metal 
mixed with oxide or hydroxide, in the case of the powdery deposit, and 
of hydride of zinc (with; most likely, metallic zinc) in the case of zinc 
sponge.^ The deposited metal is really hard, in,tb: same sense^^ 

as is deposited iron, nickel, or cobalt ; but it can be, and ofi/Ci? is, vCry 
brittle, and this is esp(*cially apt to be the case 'where tlu^ deposit attains 
any considerable thickness, (ha the other hand, the metal can be so 
’ductile that electro-galvanized co]V)er wire can bo wound round a 10-gauge 
wire without showing any sign of fracture.^ Where the metal is bright, 
it tarnishes (oxidizes) in the air ; and it is, of course, subject to the attack 
of acids, just as is ordinary zinc, though, being (usually) purer, the 
attack is less rapid. 

ZINC-PLATING SOLUTIONS 

A multitude of solutions have been proposed as suitable for electro- 
galvanizing. Among the best baths at present employed in works 
practice are to be numbered certain baths which are placed on the market 

^ Electrochem. and Met. Jndus., 1906, vol. iii. p. 17. 

* Internai* Zeit. f. Metaling.., 1911, vol. i. p. 353. * Loc. cii. 

* H. DanneeJ, Handb. der Elektrochemie, Specielle Elektrochemie ftTeil 1, Lieforung 4, 
p. 3(^1. 

“ Of. I. Szirmay, Zeit. f. Elektrochem.y 1905, vol. xi. p. 333. 
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(mder trade nalaes, and tlie compositions of which are trade secrets. 
While it is a fact that a certain small number of these solutions have 
proved themselves of great use, yet it is also a fact that they suffer in 
practice from theidefect common to all such baths, namely, that their 
compositions are uV known to those who have to work them. These are, 
therefore, handicapVed in that they are more less helpless when such 
baths go wrong:’’! Moreover, some of these baths are needlessly com 
plicated in composiVon, ar^ this,iagain, renders their operation more 
difficult. Almost alVthe solution^ intended to be used for electro- 
galvanizing, .that have been patented may be safely neglected by deposi- 
tors. A few exceptions will, howevef, be mentioned. In 1908, E. C. 
Broadwell patented,^ as assigner to J . W. Meakcr, of Chicago, a solution 
containing zinc sulphate together with zinc naphthalene disulphonate. 
In the spcciffcatictn it is stated that “ the proportions of the constituents 
mayivary through a wide range dependent on the current and the pu^r^^^e 
for which the deposit is required.” ’rhis bath has been iovpd to give 
excellent results on several classes of work ; but it ' vKR’also found that 
‘‘38 conductance did not enable t^e re-entrant .agles of such goods as 
ijon window-frames (and the like) to rc'ceive really satisfactory deposits 
of zinc. Another solution worthy of mention here is that patented in 
1905 by L. Trunkhahn and A. Neurath.^ Thi;, bath is composed as 
follows : 25 kilo, zinc sulphate, 15 kilo, aluminium sulphate, 1 kilo, calcium 
carbonate, 4 kilo, maltose (or dextrme), kilo, brewer’s yeast, and 100 
lit. water. The bath gives a good, smooth, bright deposit, wlien worked 
at 10 to 15 amp./ft.'*^, gives good results over considcnahle periods of 
deposition, and, despite its complexity, does not seem to get out of order 
easily. It has been used for coating tub(‘.s, inside and o*it, the total costs 
of operation working out at 24s. per ton (pre-war). Both Dr. Peters, 
of Berlin, and Dr. I. Szirmay, of Buda-Pesth, have reported very favour- 
ably on the results they obtained from the bath. T^je two foregoing 
solutions suffer from the common defect that Mie composition is complex. 
What the 3*.ia^*.tions are which occ^r at anode and cathode, respectively, 
in a hath containing naphthalene disulphoiiatcs are unknown ; and 
Dr. Peters a»d Dr.*8firmay have given different explanations of the 
manner in which the maltose and yeast affect the nature of the deposit. 
At" the same time it is true to say ^hat nearly all the I’eally successkil 
solutions used for electro-galvanizing® contain cither a colloid, or sul- 
phate of alumina, or other substance that produces the same effect ^on 
the deposit as many colloids do.^ Many contain both. It is, unfortun- 

1 Amer. Pat. No. 906,837 (J)ec?8, 1908). 

* D.R.P., No. 210,552 (1906) ; see Jahrb. der Elektrochem., 1909, vol, xvi. p. 467. 

® This statement is also true of many relining baths. For instance, The Anaconda 
Copper Mining Co., Great Falls, Montana, use glue (see Amer. hist. Min. and Met. Eng., 
1921, vol. Ixiv. p. 699, abstracted in Mining arid Metallurgy, 1920, No. 168). Glue is, too, 
used at a zinc -refining works in Tasmania. On the other hand, I). Mfilntosli, who carried 
out some experiments* at Trail, British Columbia, for The Consol. Mining & {Smelting Go., 
states, as a conclusion, that “ the solution should be absolutely clear and free from col- 
loids'* {Trans. Roy. Soc. Canada, 1917-1918, vol. xi. p. 118). ^ 

* Prof. W. D. Bancroft {Trans. Am. Electrochem. Soc., 1912) appears to approve 

M. Schlotter’s vi5w that “ the action of aluminium sulphate is clearly that of a colloid.” 
See Galvanoategie, 1910, Teil 1, pp. 38 and 61. • * 
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ately, just as true that, though much has been writte(!i upon the way 
in which colloids and quasi-colloids act in plating solutions, the only 
thing that is known for certain is that many of them^ appear to cause a 
cutting down of the size of the grains composing tha deposits, and that 
this results in the formation of a smoother and den^r (physically, more 
homogeneous) deposit. ^^Nhj the grains are reducedim size — the cause or 
causes that operate to effect the reduction — is not k^wn ; nor is it known 
why one colloid will produce ben^cial ejects \^ile another produces 
either no effect at all or, may be, a oad one. Pro^ssor Bancroft’s view ^ 
that the “ addition agent ” (tha^ is, the colloid) ‘ involves -the decrease 
in crystal size due to absorption of the addition ^gent ” can scarcely be 
considered as more than a personal opiniofi. Under all the circumstances 
it is considered best, for present purposes, to divide zinc-plating solutions 
. 4 ^) two classes, namely, (1) Patented and (2) Non-palented solutions. 

Patented solutions. The two best of these have already^ been 
sufhcientl^o^imented upon. The only other one that seems to justify 
mention here is^'^ Classen’s bath,^ which has been investigated and 
commented on by S. "Sr.^Tucker and K. G. Thommsen.^ Classen recom- 
mends the following bath : 100 grms. zinc sulphate, 20 grins, sodiiusf^ 
sulphate, 5 grms. zinc chloride, 2| grms. boracic acid, 25 grms. liquorice 
root (added gradually), and 500 c.c. water. TueVer and Thommsen found 
that the best current density to use is i amp./dem.^ (about 5 amp./ft.^) 
at ordinary temperatures ; that it is necessary to add more liquorice 
root from time to time ; and that agitation is beneficial. They state 
further that a bath composed of zinc sulphate and liquorice root gave 
equally as good results as that recommended by Classen. 

2. Non-patcMed solutions. There is no intention to consider here 
even a few of the very great number of solutions that have been proposed 
for use in zinc-plating, and which have not been patented. The purpose 
here is to consvler the making of a solution by those wlio do not wish 
to use one of the three patented ones d(‘scribed above. A certain type 
of solution is described, rather than an individual one. Tlfough not of 
universal application, it Is one that will serve many ^purposes, parilcularfy 
if the quantities of its components be varied to suit difftrent classes of 
work. At the outset the definite opinion is expressed that there does 
Abt exist a zinc-plating solution of \he universal type— a solution, that is, 
that can be employed to best acjvantage in well-nigh all cases, in the 
same way as can the acid copper bath for the deposition of copper. 
The purpose the bath has to serve must, therefore, be carefully considered 
in each case : it rarely happens, for instance, that a zinc-plating solution 
suitable for tubes will do equally well for heavy castings. 

^ Chem. and Met. Eng., 1920, v"ol. xxiii. p. 454. A. MutschoUer’s view is interesting, 
but hardly convincing (vide Chem. and Met. Eng., 1915, vol. xiii. p. 353, and Jour. Amer. 
Chem. Soc., 1920, vol. xlii. p. 2142). See also the following : E. F. Kern, Trans. Am. 
Electrochem. Soc., 1909, vol. xv. p. 441 ; Wo. Ostwald, Theoretical and Applied Colloid 
Chemistry, 1917, p. 196; and O. C. Kalston, Hydrometallurgy of Zinc, 1921, p. 94 
(McGraw, Hill & Co., New York). 

* Amer. PatvNo. 809,492 (1906). A good review of zinc-plating solutions of all kinds, 

patented or otherwiw;, published before 1910, will be found in M. Scljotter, op. cit., pp. 
101 ot seq. « 

* Ti'ans. Am. Electrochem. /S'oe., 1909, vol. xv. p, 477. 
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Composition 

(a) The metal salt. Undoubtedly, zinc sulphate is the best metal- 

containing salt toiise. It is cheap, and can be obtained commercially 
in a pure state ; ^ \t contains 22*78 per cent, zinc (metal) ; it is fairly 
soluble — 3 lb. of sail (crystals), or even more, call be used for each gallon 
of water ; ^ ani^ tlV (S 04 )ianion attacks the zinc anodes well. Its 
solution is, howeVer,Y pooi*condu(l^or ; hence, a conducting salt must 
be employed. \ 

(b) The conducting salt. Many substances have been used to aid the 
conductance of solutioiis based on the sulphate. Among these, the best 
are sodium sulphate (Glauber’s salt),' sodium chloride (common salt), 
magnesium sulphate (Epsom salts), aluminium sulphate, and zinc 
chloride ; the last two have double purposes. The author prefers to up^‘ • 
comAon salt.® This substance is cheap ; its solution conducts ?!?eil ; 
and the chlorine anion helps to dissolve the anodes. Jbc introduction 
of sodium complicates the reactions at the cathode., 'perhaps, but not 
more so than the magnesium oi^ ammonium,* where salts containing 
iJhcm arc employed. Zinc chloride^ is useful, but not easy to obtain 
cheaply in the pure state ; moreover, it is not easy to use with accuracy. 
The author has always found it quite inadvisable to use sulphuric acid 
in electro-galvanizing baths ; the principal reason is that the working 
of baths containing it is dillicult to control on account of effects produced 
by it on the deposits when })resent in varying quantity, and it is always 
difficult to maintain the acid content constant. 

(c) Addition agent. A bath composed of zinc sulphate and common 
salt only will not work well. One or more of the substances classed under 
the general term “ addition agents ” must be employed. For present 
purposes, boracic acid will be considered as such. Many authorities 
have used this substance, ® and its addition if^ recommended here. W. 
I’aweck,® who patented the use of, boracic acid and other boron com- 
pounds in zihcffiaths, claims that it hinders the formation of zinc sponge. 
That mfJy be so ; but.tli^ author believes that it functions by preventing 
the formation (tf oxides and hydroxides at the cathode.^ Another sub- 
stajjpe often hdded to zinc-plating baths, and recommended here, i^f 
aluminium sulphate.^ This substanc^is also classed among conducting 

^ The purity of tlic salt used is of great impfrtance. ISee S. Field, op. oil. 

* 100 parts of water dissolve 50 -SS parts ZnSOj at 15*^ C. Kosooe and Schorlemmt^*, 
Treatise on Chemistry, vol. ii., Metals, p. 650. 

* This has been mu eh used in zinc -plating baths. 

* Langbein uses zinc chloride thiis : 20 kilo. ZnS 04 crystals, 4 kilo. Na 2 S 04 , 1 kilo. 
ZnClj, i kilo, boric acid, 100 lit. water. Temp, ordinary for flat ware, 40° to 50° C. for 
other goods. C.D., about 20 amp./ft.* And see E. F. Kem, D.R.P., No. 244,432 (1911). 

^ C5f. Langbein (note 4) and the Trunkhahn bath. 

* Eng. Pat. No. 1688 (1902). 

’ Cf. Chapter VI. p. 62. 

® Cf. {inier alia) the Trunkhahn bath. It is believed that the American Galvanizing 
Co. strongly recommend sulphate of alumina. Sec also : I. Szirmay, Elecl. Review, 
1903, vol. xliii. p. 850 ; Zeit.f. Elektrochem., 1904, vol. x. p. 197; and I. Szirmay and 
L. von KoUerich, Eng. Pat. No. 16,959 (1900). For an explanation r>f the ^lodiis operandi 
of aluminium sulfate, see C. F. Burgess and C. Hambucchen, Jahrb. der Elektrochem., 
1902, vol. ix. p. 6'te ; EleUrochem. Zeit., vol. ix. p. 195 ; and Electrical World, 190?, vol. 

^Upp* 
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salts, and no doubt it does help the conductance of a Elution ; but, ih 
view of its principal function, it must be classed among addition agents 
also. Its principal function is* that it cuts down the size of the grains 
of the deposit (vide W. I). Bancroft, sufra ) ; this d a very important 
matter, as will be seen in connection with the strucmre of zinc deposits. 
The employment of thiS^'sulphate complicates, of coiirse, the composition 
of the bath ; but since its quantity in a solution rAiiains approximately 
constant, the working of a bath coytaiiiingnit is iy#t nfade more difficult 
from variations of content of the salt, and, in efFcyc, the author has never 
met any difficulty occurring in g zinc-plating bath that could be traced 
to the use of aluminium sulphate. Of other sub;^tances used as addition 
agents in electro-galvanizing baths — substances such as gums, sugars, 
and the like- the following (in addition to those already mentioned) 
been shown to give good results : Glue,^ eikoAogen,^ pyrogallol,^ 
b?lSMiaphthol,2 gum tragacanth ,•* gum arabic,'^ and the sugars (m&ltose, 
l8Rvul()se*^exti'in, and others).*'’ ()f all these it has been found that the 
sugars give as g()t)d results as any. Their action is the same as that of 
aluminium siilj,)hate ; th'it is 1o say,rthey cut down the grain-size of the 
deposit, and often cause it to have a bright and even lustrous a])pearantfc^ 
Used with tin; sulphate, they appear to act together with it in the direc- 
tion indicated. 

A solution made with zinc sul])hate (at least 3 lb. per gallon of water), 
common salt (about 2 oz. per gallon), boracic acid (about 3 oz. per gallon), 
aluminium sulphate (3 to 4 oz. per gallon), and a sugar (maltose oi* dex- 
trin), will be found to answer a great many purposes and be useful for 
galvanizing many classes of work. 4'he quantities of common salt, 
aluminium sulj5hate, and sugar that may be used vary considerably ; ® 
but the quantities indicated will be found useful amounts to use. The 
quantity of sugar used is also variable : 1 to 3 oz. will usually be found 
sufficient. 8ueh a solution does not answer the test of simplicity ; but 
it is not so out of control as mighty prima facie, appear. The function 
of each constituent is known, though how each does its work* is not knowm 
in every case. The principal electrode reactiqns are liberafliion and 
solution of zinc ; })revention of the formation of oxides (or hydroxides) 
by the boracic, and diminution of the size of the grains^ of the deposit 
*by the aluminium sulphate arV chemical and physical phenomena, 
respectively. As a matter of fa^t, though causes are either imperfectly 
understood or not understood at all, it has been found quite easy to 
work and control such a bath over long periods of time. This is, no 
doubt, the case largely because the ano^p and cathode efficiencies are 
high, being 96 to 99 per cent., working at 10 amp./ft.^: the anode 
and cathode efficiencies are approximately equal ; and, over periods 

1 Mining and Metallurgy, 1920, No. 168. 

*0. P. Watts and A. C. Shai>e, Trans. Am. Electrochem. Soc., 1914, vol. xxv. 
p. 291. 

» Eng. Pat. No. 7265 (1911). 

* J. Meurant, Eng. Pat. No. 21,149 (1900) ; D.R.P., No. 164,492 (1904). 

* I. SzirmJ^^ and L. von Kollcrich {vide note 8, p. 73). 

* H. Paweek iias noted the necessity of varying the amounts of ihe components of a 
zinc-plating bath to Bliit the work.required of it. Vide Eng. Pat. No. 1 688 (1902), or Amer. 
Pat. No. 746,378. 
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of three hours’ 'duration, and working at 10 amp./ft.^, the bath gives 
uniform results. 


Working Conditions 

These have bear indicated, namely, Curr(^,t dcmsity, 10 amp./ ft. ^ 
(the B.M.F. at t^ V.D. will, of course, vary with the load, the material 
of the goods, rodfdieVance, and other factors ; it is usually from 2 to 
volts at a rod dista^e of *9 in.) \Tem/pemture, ordinary; Agitation, 
useful (as always), bm/ not necessary. The anodes slionld be of good 
rolled zinc as pure as can be obtainefl commercially, and, in size and 
number, they should be*as larg% and as jnany as the vat will accommodate. 

Operation 

1% c operation of zinc- plating baths in gcaieral is rather more di/iicnlt 
than is that of some others. In the case of a bath ol tli^e type' described, 
there are two mati/ers tliat ]*e(juire particular attimtiuii. It is of especial 
importance that goods should not l5c suspended *in the hath unless current 
TS passing or Iho goods themselves com])lete the circuit on and by their 
introduction into it. ^|^h(5 solution has no cleansing pi'operties — does 
not, th^t is, act chemically to remove oxide and other surface substance. 
The other matter relat(is to the formation of the deposit, it is observed, 
sometimes, that while the projecting parts of an article strike ” well, 
or, in other words, become e|uickly covered with a layer of zinc, the 
re-entrant portions and those farther removed from the anodes do not. 
These may even turn dark or black, and fail to “ cover ” even after 
deposition has j)roceeded for some time. This defect is, in most cases, 
due to one of three causes : Either the salts used to make the solution 
{e.g. the zinc sulphate or aluminium sulphate) contained free acid in 
consequence of not having been properly wash^ when crystallized during 
manufacture, or acid has got into, the bath at some time subsequent to 
i^ making, or, •thirdly, the conductance of the bath is too poor for articles 
of the Ifind that require, in the paiticular case, to be galvanized. In the 
two former casfls, where the trouble is due to the presence oifree (mineral) 
acii the best^ remedy is that laiown as “ working out ” ; ^ in the last, 
more common salt must be added, usfmg not more than | oz. per gallon 
of solution at a time.- In oi'dcr to idistinguish which of the possible 
causes is producing the defect, attention must be paid to the macroscopic 
aspect of the deposit. If the zinc, where deposited, is bright and metallic 
(while the bath is working a^ or below 10 amp./ft.^), acid is causing the 
trouble. 

Mastery can be obtained over the working of zinc-plating baths in 
only one way, which is outlined immediately. As already indicated, 
really good baths are, in the case of zinc, almost always of complex 
composition. Even if the function of each component is known, 
the minor electrode reactions are not. Hence, while he can be guided 
by his knowledge of the former, the operator must, in the present case, 

^ Chapter VX.*p. 66, Table III., sub “ Remedy.” ^ 

^Mem. Rules relatiD‘» m fl.drlit,innR. nub nnm. ‘‘Upkeep of the Solution,” p. 38 an^e. 



obtaiE ]iis working knowledge of the bath from 
Wodring on the 2^allon scale, he should make up a 
step, and find out b^ experiment ^d observation the deposit 
at each step. For instance, he should dissolve th^proper amount 
zinc sulphate, and plate an article in the solution, a'hen he should add 
the common salt, plate "another article (of the sam^kind), and com^e 
results. The aluminium sulphate may thgn be aided, another article 
(again of the same kind) plated, a^, agaifi, the psullSng deposit com- 
pared with the former two. And so on. Anoth^ series of experiments 
can be made by altering the order of the addition of the components ; 
and still a third by varying the amounts of eacji. In this way ahd by 
his observations on the electrode‘‘phenoihena (evolution of gas, rate ^ 
striking, and the like) and current conditions, the operator will become 
k^^lf-reliant and, before long, a master of the working^ of his bath. For 
thirf^urpose, he must know what the components of the hath are^ aHd, so 
far as possible, how each functions. It is in this respect, especialljr, that a 
man working a sohition of the type described is better off than if he has 
to work one of unknown composition. Such work as this can be quite 
well done during working hours in the shop. It ought to be done in the 
case of any plating bath, if the operator wisl^es to put himself in the 
independent position of being able to manage his own baths without 
outside help. It must be done in the case of a zinc-plating bath, if the 
operator is to be capable of meeting successfully any difficulties that 
arise. 

Deposit 

The deposit from a bath of the type under consideration has a greyish- 
white colour, tinged with blue. It usually possesses a brightness of a 
nacreous kind ; but the deposit is still good if dull in colour and rather 
more blue. It*has no apparent structure as seen with the naked eye : 
it does not look crystalline at all. If adheres quite well. The metal is' 
as ductile as most samples of electro-deposited zinc, bulf if the currept ^ 
denfdty is pushed too high, and the deposit beepm^s too thick, there is a 
tendency to brittleness. Agitation helps to prevent this ; but thick 
4|Spodt8 of zinc are not necessary for galvanizing purphses,^ and^^he 
bath will be found fast enough (forVDrdinary work) at the workffig current 
density recommended. 


STEUCTUKE 

It is quite true to say that, hitherto, very little attention has been 
paid by practitioners to the structure of zinc deposits in relation to their 
semoe as protectors of the underlying iron or steel. How various the 
jitraictlt^e ma^ be is partly shown by the illustrations^. The micrographs 
sboW) m pa^cular^,how gfeat the effect of the composition of the bath 

, Bwenk (Waihin^n), OiicnlaT Ilp.60, says that a thickness of 00015 

iia ia wt most parroses. The author^s experience is that consideiabi^ leas 

a thousandth ef an inch) is sufficient fonvery many. .3%e 
(aye^iyp) tMcknea^ oi a deposit q| zinc is rather more than OOOl in. to hour, workmit 
at I hhnoe the time required for 00015 in. is 1^ hours at this our^nt density. 



PLATK XT. 



Fij;. 11». X 15. 


Suifaue of ilepo.sii of Fig. 18. 
(0))lique illumination.) 








I’LATK \III. 











p^f 1)6 iipeil ilie struo^e^bt xi^e a^posir o^tftineft f |R6 aocaimt li6a 
of of dbp^tion, tiliemselves 

‘^%tiops in tli6 structures of deposits .from one and the same /haW' 
®e de^ts shown in the.figures were (except that of Fig. 21) all foitaed 
the sai^ teihperatUre, current densitjj and other conditions. 

Illustrations 

Fig. 18.---This shows the structure of a zinc deposit formed in a 
^ath containing the sulphate of zinc oply. The surface of the deposit 
is holo-crystalline, anci contains idiomorphic forms : the interior is 
hypridiomorphic. Such a structure readers the deposit useless for rust 
. prevention. It is full of holes and oxide (black patches in the figure) 
and intergranular cracks. 

^ B?G. 19. — In this figure the surface of the deposit, of which the interior 

structure is exhibited in Fig. 18, is shown. 

Fig. 20. — The deposit was formed in a similar bath to that used for 
> the deposit shown in Figs.^ and 10, except that free sulphuric acid was 
present, The deposition conditions were alike in all fespects in the two 
. It is notable that the acid has brought about a marked reduction 

of the grains of which the deposit is composed. So 
is concerned, such a deposit is much less porous than 

Fig. 21.— Tiis ndcrograph shows the type of structure a sound and 
useful deposit should possess. It was formed in a bath containing zinc 
a sH^t amount oifree acid (sulphuric) and glue. 

22.— The deposit here shown was, too, formed in a bath of 
si^ar Composition to that used for the deposit of Fig. 21, But, while 
^hef former was made in this country, the latter was ^deposited in Tasmania. 

Ft<^v^.-^he bath in which the deposit here shown was formed 
contained zinc sulphate and dextr^. The conditions of formation were 
the same as were used for thC deposits of Figs. 18 and 20. The change 
pi structure brought ahopt by the dextrine is very marked. 

Fig. 24.— This micrograph shows the surface of the deposit of Fig. 23 ; 
it be compared with J^g. 19. 

General BIjmares 

^t#^neral, the micrographs speak for themselves; the difierent 
structures obtained in conseqjpehce of the presence of difierent subst»loes 
in the bath are most marked. TwQf.jK)ints may, however* be speciiJly 
noted : (1) macroscopic features 'cpireroond (as is, indeed, to be ex* 
pected) to micro-structures. (Con^re iHgs. 18 and 19 witk^J and . 
respectively.^ This fadt helps one to know what the latter is Jcom vieulS 
obwrvationV the deposit during its fprin^laon. (2) The styuctim a 
deposit possesses is not a matizer of chance, but depends up^ 41 the 
conditions of its formation and, esp^ially^dpon the composition oUhe 
solution in*wh^ it is formed. The*dep(Jat showninFig. 21 was ma^ 
at the other end of the world in a bath iSOntaining sulpha of •rinc, 
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sulphuric acid, and gelatin. That of Fig. 22 was recently formed in this 
country in a bath of like composition. The finely fibrous structure 
which the deposits have in common is characteristic of all deposits formed 
in baths containing, as components, the three substances mentioned. 
It may be added that Dr. McIntosh has published a series of beautiful 
photographs that show the surface features of .zinc electro-deposits under 
various conditions of deposition.^ 


MECHANICAL AND CHEMICAL TESTS 

• 

The testing of zinc deposits i* a large subject, and cannot be fully 
treated here. The tests enumerated will be those tliat can be fairly 
described as satisfactory workshoji ones^ — tests that can be carried out 
by any one in the workshop, and which, *at the same time, give a suffici- 
ently good idea as to the serviceablcness of a deposit. They may be 
divided into two groups, namely : (1) Mechanical, and (2) Chemical ; 
and they aim at determining (in ai? ap])roximate way) the follfwing 
pro])erties ” C)f zinc deposits, nanudy, adherence, ductility, or brittle- 
ness, durability, uniformity, and jmrosity.^ T^jible IV. contains a fairly 
com pi et;e cl assification . 


Mechanical Tests 

The following four tests were recommended ^ to and adopted by the 
Electro-Metallurgical Committee, Ministry of Munitions, as suitable 
workshop tests fbr adherence in connection vith iron deposition ; and 
they were found to give a sufficient degree of satisfaction for workshop 
purposes. These tests are : (a) The Saw test ; {h) the Hammer (or 
Impact) test ; ic) the Soueezing test ; and (d) the Grinding A-st. (a) 
In this test the plated article is j)lace[3 in a vice, and sawn through with 
a hack-saw. (h) In this test, the plated article is struck •glancing blo^s 
with a liammer having a Mb. head, (c) Here, t^e i^rticle, where s^litable, 
e.g., a tube, is held in a vice, and squeezed until the distance between 
the’jaws of the vice is diminished by about 50 ])er cent, (d) In thy (/end- 
ing test, .iTc deposit is ground through by a dry emery wluiel of some 
6 inches diaiiieter and rotating a.ttabout 1500 R.T.M. W. A. Macfadyen, 
who employed these tests, at the aiitlior’s instance, reported that, while 
the squeezing test was found to be very stringent, and the grinujug cest 
least so (most of his iron dejiosits standini^ the grinding test well), the 
impact or hammer test was found to be a good one.^ It is suggested 
that the saw test helps one to obtain an approximate idea of the brittle- 
ness (or powderiness) and toughness of a deposit. Nothing more is claimed 
for these tests than that they afford a fair estimate, forju'actical purposes, 

1 Trans. Roy. Soc. Oanada, 1917-18, vol. xi. p. llll, 

* Cf. M. Schlottor, op. cit., p. 114. and L. Ait ^^ison. Also see W. Blum, Trans. Am. 

Electrochem. Soc., 1919, vol. xxxvi., at p. 215, and W. Blum, ¥. J. Liscomb, Z. Jeneks, 
ana W. E. Bailey, ibid, at p. 253. * 

» Bv the author. 

* frana. Far. Soc., 1920, vol. xv. p. 100. 
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TABLE IV 


Tests for Electro-Zinc Deposits 




A. — Workshop Methods. ® 

1. Mechanical. . 

• 


ifest. 

• 

1 

41 Property tt*sted. 

^a) Saw 

{b} Hammer (impa('l.)» 

(c) Smioozing .... 
{(1) Gnmling .... 

(e) Bemiiiig 

^ t 

Adherence, brittleness, fragility, ductility. 

„ toiigliuess. 

„ ductility. 

2. Chemical. 

. ^ 


{a) Copp(>r siilphato (saturated, 
neutral) (Preecp) 

(b) H.,SG 4 {Tiurgesn) 

{c] Caustic soda (Walker) . 

(d) Salt spray .... 

(a) Gross variation of tin kness of the* deposit. 

(Very roughly) weight of zinc per unit area. 

(h) Variati(>n of thickness, 

(With some approximation) weight of zinc 
per unit area. 

(Approximately) total weight of deposit per 
unit weight of base metal -iron or steel. 

(c) Porosity. 

(d) General resistance to corrosion. 

* 

B. — Laboratory Methods. 

1. J^jj^sical. 

• 

• 

• 

^^ropei^y tested. 

• r| 

Metliod. 

Refcrenct*. 

Aj^li^i on . . 

The m<‘thod consists in soldering to the zinc 
surface*, by means of g low melting-jioint 
solder, a coyiptr plug A inch in diameter. 
By noting on a sprinj^ balance the pull 
necessary to separate this plug from the 
iron, a measure of the adherence of the 
zinc to the Iron is made. 

• 

0. F. Burgess, 
Klec^^^ivm. amt' 
Mel. Emj., HK)5, 
vol. 111 . p. 17. 

# 

2. Chemical. 




General resistance 
to corrosioiii( G. 
L. Campbell^ 

/• * 

.•5 

The zinc coating is dissolved off by a stand- 1 
• ard solution of acid, and the hydrogen 
generated and cvolveil is collected in a 
suitable appqr^us. The rate of forma- 
tion of the gas is presumed to bo in-* 
versely proportionaLto the resistance to 
corrosion. 

Elect r'^i.eni. and 
Mvl. En(j.,imj, 
vol. vii. p. 441. 

* 
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of the properties in general and, especially, of the adherence of a deposit, 
whether of zinc or other metal. They should be used in conjunction with 
other tests, among which may .be mentioned the bending test. This, like 
the squeezing test, can be applied to such articles only as possess the 
requisite shape, e.g.^ tubes, sheet, and the like. It consists, in bending the 
article (holding it in a vice, if necessary) so that one pare is bent over 
towards the other through a right angle at least, and examining the 
deposit on the surface of the bent poriion'for fractures. A form of the 
test was used for testing galvanized wire by I. Szirmay.^ 

Chemical Te^ts 

These require somewhat fuller treatment, as it is necessary to show 
clearly what each really indicates. 


(a) The Cofi^r Sulphate Test 

This has been, variously, called # Preece the Admiralty, and the 
Post Office test. It consists in dij)ping the. zinc-coated article in a satur- 
ated and neutral solution of copper sulpliate for a certain period of time 
(half-second, one second), taken as the unit, Wding it, after removal 
from the sulphate, under a water taj) giving a flow at full presstire, and 
noting how many such dips can be given before a firmly adherent coat 
of copper becomes deposited upon the iron or steel base. The method 
(as used at the Bureau of Standards, Washington) ^ of preparing the 
copper sulphate solution is as follows : 30 ])arts of commercial copper 
sulphate crystals are dissolved in 100 parts of water, and then some 
cupric oxide added to mmtralize any free acid. The solution is diluted 
with water till its specific gravity is M80 at 18° (I Precautions that 
must be taken «when applying this test are : tlie zinc must be^ fr,ee from 
grease, oil, and the like ;* the solution must be quite neutral-^free, that 
is, from mineral acid, e.g., sulphuric ; and a careful distmetion must be 
made between the dark, loosely adherent copper that forms on 'zinc by 
exchange and which a fast-running stream of water will wash away, 
and the reddish, clean-looking (sometimes bright) deposit of c^Jjer 
tiat is fc/PS^ed, also by exchange, upon iron or steel. It is the lafrer t^liat 
must be looked for. ‘ Messrs. Wf^.tt and Philip say “ It is necessary 
tc* carry out tests by this means with caution, or misleading results will 
be obtained.” The" unit of time often epjployed is one minut .. io is 
stated by the same authorities that the apiount of zinc required to be 
present on the surface of an electro-galvanized article, so to protect the 
iron or steel that it will withstand one 1-minute dip oi ‘mmersion in 
the saturated copper sulphate at 15° C., is about 0-166 oz. per square 
foot of suAace, while that required when the hot<process is used is 0-248 
oz. The reason for this difference is said to be the gl eater/purity of the 
electro-deposited zinc. This test has be^n critically examined by several 

' Vide sujira, svb vom. “ PivperticB.” 

® Bureau of Standards, Circular No. 80, p. 23. 

» Electro-Plating, 1902, p. 633. (Crosby, Lockwood & Co.) 
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investigators : ^ it has been found to mislead, even when carefully 
carried out, and it cannot help misleading, if more is expected of it than 
that it shows whether the zinc is of eveii thickness all over the surface 
of the plated article. Really it is not necessary to prove this, for one 
knows it a All, then, the Preece test shows one is whether there 

are considerable variation^ of thickness, or whether this is the same, 
approximately, all over the surface of the plated article. It is satisfactory 
for that purpose, and that is all. A few reasons why the test cannot give 
more information are the following : (i) The loosely adherent layer of 
copper that commences to be formed uj^tm the zim as soon as immersion 
occurs protects, in varykig measure, the remaining underlying zinc, and 
tl^is causes the velocity of the reaction to be very irregular, so that it is 
quite impossible to say what quantity of zinc is dissolved in a certain 
unit of time. It is T^herefore, with rough approximation only, true to say 
that one can estimate the weight of zinc per unit area fi’om the number 
of dips given, (ii) The velocity of displacement of copper by zinc depends 
upon {inter alia) the concentj^ion of the copper in the solution. This is 
continually diminishing as cop})cr is displaced and zinc goes into solution. 
The rate of diminution will vary with such conditions as volume of 
solution employed, temperatuiHs and others. Hence, irregularity occurs 
from these causes also, (iii) Tlie copper forms with zinc a zinc-copper 
couple, which acts (again irregularly) to disturb tlie uniformity of the 
velocity of reaction, (iv) The actual carrying out of the test is not so 
simple as it would appear to be. The copper sulphate solution must 
be neutral ; and some investigators find difiiculty in distinguishing 
between the loose co])per deposit formed on zinc and the ac^ierent deposit 
formed on the iron or steel. Moreover, according to Schlotter,^ an 
adherent copper deposit can be formed on the zinc itself, which, therefore, 
does not, in cases, become completely dissolved or, at any rate, dissolves, 
as to part<jiiC it, very slowly. • 

It may ha added that the copper sulphate test has been dealt with 
at length here beJ^ause it has been found that that is tlie one used, almost 
exclusively, in this couu^-ry* and used without much understanding of its 
value. This is, a^ a rule, exaggerated ; as a matter of scientific fact, it 
has ver^ little vAiue.^ 


(b) The Sulphuric ^cid Test 

It Sc. in consequence of the* unsatisfactory nature of the Preece test 
that C. F. Burgess ^ proposed ^he use of a dilute solution of sulphuric 
acid in place of ^copper sulphate.^ Schlotter, Halla,® and many others 
have used this solution on account of the uncertam results given by copper 

^ For instanc e, I. Szinnay. /. EleUrochem., 1905, voJ. xi. p. 3?i>*and M. 
Schlotter, op. cit., p. 115. See also Note 3 infia. 

.* Op. cit., p. 110^ 

* The Preece test has been condemned on account of its irregularities, by a Com- 
mittee of the American Society for Testing Materials, See Proc. A^rt. Eoc. Test. Mat.. 
1911, vol. xi^p. 100, and ibid., 1917, Part I., p. 1^4. 

* Eledrocnem. Um Mst, Indus., 1905, vol. iii. at p. 18. 

*Op. cit.,p. 116. • 

* Zeit.f. Elektrochem., 1913, vol. xix. p. 222. 
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sulphate. This test consists in immersing the galvanized article in a 
3*2^ per cent, (f Normal) solution of pure sulphuric acid.^ It can be 
used for more accurate work than can the Preece test ; but it is sug- 
gested that its chief use in the workshop is that, by means of it, one can 
observe the uniformity of the thickness of the zinc dep^'sit much more 
exactly than the Preece test allows. When s^id of the strength given is 
used, a stream of hydrogen gas is evolved from the surface of a galvanized 
article immersed in it. But as soon as tlie zinc is dissolved from any 
part of the surface, the evolution of gas ceases there. Thus, one can 
easily tell where the deposit iSf thicker, and where it is *thinner ; an^ 
the cessation of the evolution of bubbles is so ^narked that small differ- 
ences of thickness (amounting to ho more than a fraction of a thousandth 
of an inch) can be readily detected. As regards more accurate work, the 
average weight of zinc per unit area, oi^ the total weight per unit weight 
of iron, can be determined with considerable accuracy, as can be seen 
in Table V., which contains the results of actual determinations made 
in the author’s laboratory. 

" TABLE V * 


Weight of Zinc Deposits on Articles 


Article. 

Weight before 
Stripping 
(Grammes). 

Weight after 
Stripping 
(Grammes). 

Deposit 

(Grammes). 

€ 

Remarks. 

Small buckle 

»> »> 

»» >» 

»> f> 

if a 

a a 

17- 4548 

18- 0721 
17-9932 
17-8102 

. 17-6170 

17-7300 ; 

' 17-2312 
17-8411 

17 7627 
17-5790 
17-3780 
17-4907 

0-2312 

0-2310 

0-2305 

0-2312 

0-2390 

0-2393 

All these buckles were 
plated at the same 
- time in a barrel 
containing a 40 -lb. 
load. 

French nails 

>9 99 

11-3268 

11-1016 

11-2496 ‘ 
11-0240 ^ 

0-0772 

0-0766 

• ( 

TTwo^samples from the 

\ same load. 

^ r. 


^ (c) The Caustic Soda Test 

This was proposed by W. E. Walker,® and forms a very useful test 
*^of the porosity of a zinc coating. “ If a piece of zinc be placed in a 
strong solution of caustic soda, heated *to about 100® C., ncTSc^on is 
noticeable. If, now, the zinc be touched with a piece of iron, hydrogen 
is liberated in ^eat volume from the iron. That is, iro^^ in contact with 
zinc in strong, hot, caustic soda is a seat for the f ormatiftn of hydrogen. 
Hence, <’f a piece of galvanized iron free from pin-holes and cracks be 
so treated, no action i^ visible ; if the iron be Exposed, Imwever, to «ven 

^ Such a solution contains 3-2 grms. per 100 c.c. solution. It can; be made, with, suffi- 
cient accuracy for its purpose, by measurin^ut 1*7 c.c. of acid (of spec. gray. 1*84) 
making the volume up to 100 c.o. with water. 

» Of. F. Halla, op. ca. * c - * 

® Proc, Amsr. 8oc. Test. MeU., 1909, vol ix. p. 430 ; Electrochem.'and Met. Sng., 1909, 
voL viL p. 440 (abstract). 
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a minute degree, a fine stream of hydrogen bubbles will be seen arising 
from the surface. Small cracks in the zinc surface may easily be detected 
in the same way.” ^ It can be stated by the author that this test is 
quite a good one for the purpose it is required to serve— the detection of 
porosity ; an^it can easily be carried out in any plating shop. 

(d) ![he Salt Spray Test 

. As carried out at the Bureau of Standards, Washington, the test 
“ . . .is made in an Alberene ^ stone ^box, with a cover and glass sup- 
ports for the samples, yhe stone box is inclined so that drops of solution 
collecting on the cover will ruli down i/O the edge instead of dripping on 
ttie samples. A 20 per cent, solution (by weight) of commercial sodium 
chloride (20 grms.*salt and 80 c.c. water, or 2 lb. salt and 1 gal. water), 
filtered if necessary, is used and, with an air pressure of about 6 or 7 lb. 
•per sq. in., a very fine mist is produced. The compressed air is passed 
through a glass-wool or coton plug, and then through water to remove 
any dust and to saturate ^e aii with water vapour which prevents 
concentration of the salt solution and crystallization of the salt on the 
tips of the atomizer. A baffle plate is used to prevent the salt spray 
from blowing directly against the test pieces. The samples, after being 
washed 'with gasolene and ether to remove all grease, are placed in the 
spray box in a vertical position on the glass rods or strips. They are 
removed from the bath every twenty-four hours, washed with water, 
using a moderately stiff bristle brush,® and after drying carefully exam- 
ined for the presence of red or yellow iron rust. The first appearance of 
rust indicates the conclusion of the test, but valuable info'tmation may be 
obtained by continuing the test and observing the extent of the corrosion 
produced by longer exposure.” * The Circular states further ; The 
salt sprf^gj^est as a measure of the relative valu^ of zinc cdjitings depends 
on the time required for the complete removal of the zinc at the thinnest 
points, which is usually indicated by the appearance of iron rust. . . . 
Although the salt spr^y test is subject to many objections, it may be 
regf^ded as the best test lor zinc coatings that has yet been devised. It 
is especially useful in determining the relative value of zinc coatings far 
marinT&posure. No definite statement can be made about^ffle life of 
zinc coatings in this test, but in gener^ a sample showing rust spots in 
less than one day (twenty-four hours) should be regarded as unsati^ 
facte*\f,-while a life of two or.three days would indicate a coating that 
could safely be used under moderate conditions of exposure, and a life 
of at least four to six days should be required for severe conditions of 
exposure.” 

Of the four chemical tests enumerated, the fourth only (thg ^alt spray 

, • • 

^ ' Proc. Amer.*^oc. Tmi. M,at.y 1909, vol. ix. p. 430; Electrochem. and Met. Eng., 1909, 
Vol. vii. p, 440 (abstract). 

® If Alberene stone is not available, »c box may be mode of ^lass, stoneware, por- 
celain, water-proofed or any other insoluble and non-corrodible material. All 4 ^: 
nections Bj^uldiyberot^lasB or rubber. 

• Brushing seem^iTOry inadvisable proceeding — to ^^e author. 

^ Bureau of Staindarda, Circular No. 
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test) can be said to submit the galvanized articles to conditions in anj 
way resembling those to which such goods will be subjected during their 
life. The first three are certaihly much more severe than an3rtlung to 
which the zinc will be exposed ; number four gives an approximate 
idea as to how articles will behave when exposed to nalifc^iral corrosion 
agencies such as, for instance, those by whict ships and sea-planes will 
be attacked. The spray test is, therefore, to be preferred as the test 
relating to resistance to corrosion ; the remaining three should not, 
strictly, be regarded as corrosion tests at all, but as tests indicating the 
uniformity of thickness, purity, f and porosity, of a zinc cfeating, while 
numbers two and three are, as well, usefuj mean? of enabling the coating 
to be removed for the purpose of weight determinations. 
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CHAPTER VIII 

LEAD 

«» 

I T seems appropriate to consider the electro-deposition of lead next 
in order after that of zinc, since the princijial purpose of lead- 
plating — as distinct from lead-refining - is protective. A few years ago 
authors of text-bookf * were wont to dismiss the subject (if they mentioned 
it at all) in a few words contained in a later chapter. The reason for this 
is twofold : in the first pl^e, it is only during the last fifteen years or 
so that there has been miiJm information available relating to the electro- 
deposition of lead, and, in the next, information, ^ and when it was 
gained, had had no time to get into text-books, which, as far as those 
dealing with electro-plating is concerned are, for the most part, of the 
“ paste and scissors ” type. No serious writer on the subject of electro- 
plating in general ought, at the present day, to neglect the metal lead. 
It is, almost entirely, to the credit of A. ' G. Betts and F. C. Mathers ^ 
that the electro-deposition of lead is, to-day, a comparatively simple 
operation to perform successfully. Moreover, the use of lead for pro- 
tective purposes is by no means to be neglected. It ih true that lead, 
like nickel and unlike zinc, is electro-negative to iron, and hence cannot 
protect iron (or steel) as zinc can. But the form in which lead can be 
deposit^ljs nowadays makes it a good covering for the Underlying iron ; 
it can and does prevent the access of the agents of corrosion, and thus 
hinders corrosion in the same way as does a varnish and some paints, 
llie advantages of 1^<1^ as compared with other metals, are : (1) It is 
cheap, as comf)ared with copper or nickel. (2) It is malleable. This 
articliis to be “ worked,” after the lead coating has been jjut 
on, without such risk of fracture ^d, consequently, expC^Sbe of the 
subjacent iron as exists in the case%of most other metals. (3) Lead 
is much more resistant to acid fumes and similar corrosives than copper 
an^ even nickel. It is for this reason that lead is employed in chemical 
works and laboratories. A» compared with zinc, lead has one great 
disadvantage. ^ While it is as cheap or even cheaper than zinc, and much 
more malleable, it has no inherent capacity to protect iron. If the lead 
coating contains cracks or holes, the subjacent iron or st^el will rust, 
Wtereas a zyic coating will protect the underlying metal, even though it 
•contain fine clacks or very small holes. W. Lange ^ has recently published 
some results he obtained when investigating the resistance of ^eet iron 
coated^with l^ad, tin, and aluminium respectively. He found thaij^ad 
electro-deposilJ^Hfrom add solutions (phenol sulphonic or fluosjlicic), 

^ Yidt post. * Zeit MetaUkui^e, 1921, vol. xiii. p. 267. 

8s 
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showed good resistance to corrosion in both tap water and half per cent, 
salt solution ; but he found that, while lead deposited from add solutions 
protects the underlying iron better than that sprayed on by Schoop^s 
process, yet the protection of the iron from rusting obtained for com- 
paratively short periods of time — the comparison being the period 
of protection afforded by zinc coatings. 


APPLICATIONS 

♦ 

Already, some years before the late^ war, <’ead-plating had com- 
menced to come into use, in this country, for coating nuts, screws, and 
other accumulator parts. These goods were often made of brass, and it 
was found quite easy to lead-plate such sip all articles in bulk — ^in baskets, 
for instance, properly wired for the purpose. This method saved the 
labour and expense of separately wiring the articles. The war has un- 
doubtedly urged forward the claims of lead d^osition ; but it is too much 
fco say that “ lead-pjating was one of tlufee industries which were developed 
as a commercial possibility as the result of military need.** ^ A number 
of applications of lead-plating were mentioned by. k, G. Reeve and others ^ 
in a paper presented some little while ago to the American J^lectro- 
chemical Society. It may be helpful and suggestive to draw attention 
to them here. Reeve describes the electro-deposition of lead upon the 
inside of 4*7 inch (and other calibre) shells. Catalyser boxes, having an 
inside surface of 50 sq. ft. or more, have been plated with as much as 
275 lb. of lead, ivhich represents a thickness equal to about seven-hun- 
dredths of an inch. Another application has been to lead-plate the 
interior of common shell in order to bring an under -weight shell up to 
standard. This is analogous to the “ building up ’* work done with iron. 
G. B. Hogaboom ^ states that “ in butt-welding of the boostaf^’base on 
to the adapter, there was some thought that there might be an oxide of 
iron formed, and that would be attacked by the phosgehe gas. Lead 
coatings are not attacked by the gas. Also, in the adapter, t£e lead 
coating on the threads acted as a gashet, and that was found to be quite 
vahiable.^^^ If you have unions ” (he proceeds), “ and ‘want ^*igoed, 
tight joint, it would be well to pla^e lead on the threads and then put 
on the caps of your unions. If forms a good gasket.** This appears to be 
qdite a useful suggestion. Chemical ware and works plant is now being, 
more and more, electro-plated with lead. L. Bradley ^ mentioill, as an 
instance of the usefulness of lead depositi<fn in this connection, a case 
where iron pails which were used for handling 30 per cent, sulphuric 
acid were found by him to have remained perfect after sevet&-l- months* 
usage. Tie •applications just mentioned are interesting in themselves, 
but they are still more so in that they are, most^bf tjiem, suggestive bf 
others. It is, for instance, a matter of operation difficuity only that^ 
would prevent the inside surfaces of iron piping for use in chemical works 

1 W. Blum, Tran$. Am. Shctrockem. 8oc. ‘, 1919, vol. 2^5. , 

• Trane. Am. BUclrochefn. 8oc., 1919, vol. xxxv. p. 389. ^ 

» Ibid., p, 899. * Ibid., p. 398. 
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being lead-plated by electro-deposition. It may be said in general that 
where there is a proposal to electro-deposit one metal on another, in order 
to protect that other from corrosion, it would always be as well to consider 
whether lead would not be the most useful and most economical metal 
to deposit, tonll, indeed, seldom be found preferable to zinc ; but there 
are few caseii’m which it would not be preferable to other common metals, 
and there are quite a number where lead, and lead alone, can be employed 
to the best advantage. Th«re is, however, one matter which must not 
be neglected when a decision has to be reached, and it is a serious one. 
As A. G. Betts has pointed out,^ commercial iron and steel often contain 
“ imperfections in the shape of particles of grit or slag, some of which 
show on the surface an^ do nU take 4)he (lead) coating, with the result 
tliat there are pin-holes in the coatings at which corrosion starts.” Em- 
phasis is laid on this point here, because it has been neglected or ignored 
by the altogether too sanguine ‘Recommendations of several investigators 
who have done a little laboratory work in connection with electro- 
deposition, but have no considerable works experience. Much harm 
is done by such people to4he truejnterests of electro-metallurgy. 

o 


PKOPERTIES 

Like other electro-deposited metals, lead has — often — different pro- 
perties when deposited from one solution than it possesses when deposited 
from another. Current density and other conditions of deposition also 
influence the properties of the deposited metal. It may be light grey 
in colour, or it may be almost black, or, again, it may have almost any 
shade of colour intermediate between the two. The metal may be deposited 
as a dense sheet or as loosely adherent (skeleton) crystals, which, at 
times, jagll grow individually so as to stretch across the bajjh from cathode 
to anode and cause a short circuit. It ma^, again, be deposited as 
“ sponge,” similar in aspect to zinc “ sponge.” The deposit is sometimes 
rh&rd and brittle, sometimes soft and malleable. In this respect the 
composition ofibhe bath*is of great ipaportance ; for it is not uncommon 
to find that, though two deposits formed in difterent baths, but under 
ttfe s?Sft current and other deposition conditions, may look equally cl8fee- 
grained and smooth, one is brittle, while the other is malleable. The 
difference of composition may be no m*)re than a difference of the “ addi- 
tion age*Lt ” which is present in the solutions.^ The specific gravity of 
electrolytic lead, deposited f^om baths of different composition, has been 
found by Betts to vary between ir20 and 11-39, being usually in the 
j^e^hboighood* of 11-35.® The porosity of deposited lead varies also. 
W. Blum states that a thickness of 0-003 in. is sufficient to give an 
impermeable coating «f lead, where the metal is deposile(> from the 
•fluoborate bath, though he cautiously adds that if the deposit is to with- 

^ Trans. Am. Mectrochem. Soc.^ yot xxxvi. at p. 267. • 

* CSf.iS'. QJjjfa ijjliiers , ibid.^ p. 266. „ 

• W. Blum h«f^en 11*3 as true specific gravity of lead deposited from fluoborate 

Bolutions. • 
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stand corrosive liquids, deposits of 0*06 in., or more, may be necessary. 
The resistance offered by lead to corroding agents is well known ; but 
it should be mentioned that H. Rodman ^ has stated that he found that 
though lead deposited from Betts^ solution “is somewhat stiffer and, 
therefore, better from a mechanical point of view, it is arparently more 
liable to chemical and electro-chemical attack ’’ than ^dinary lead. 
“This characteristic,*’ says Rodman, “ rendeVs it peculiarly unsuitable 
for Plant6 positive plates where the densest and most resistant lead is 
necessary.” It does not, of course, follow that lead deposited froni 
another solution than Betts’ would be subject to the same defect. 


LEAD-PLATING SOLUTIONS t 

« 

Three lead-plating baths are available. Two of them have proved ‘ 
their worth in works practice ; the third, wdiich has only lately been 
worked out (and only partially so), i^ at p?K^/mt, one of the laboratory 
class. The first tfvo baths are: (1) F. C. IVlather’s perchlorate bath,^ 
and (2) A. G. Betts’ silico-fluoride solution.® The third is a fluoborate 
solution, which, one must presume, is so caKed because it contains 
hydrofluoric and boric acids.^ That, at any rate, is the only reu^on one 
can imagine for the name : certainly, the “ inventors ” nowhere show 
that the bath consists essentially of fluoborate, and it is, indeed, very 
doubtful if they know that it does.^ The author does not consider this 
third bath to be sufficiently established to render its adoption (on any 
large scale) in wcrks practice desirable at present. In so far as laboratory 
knowledge is concerned, it carriers one little further than the work of 
previous investigators — w*ork which appears to have been neglected 
by Blum and tjiose working with him. All three baths have ^is char- 
acteristic in common — they all contain an organic addition ^Jgent. In 
this respect they resemble every othfer lead-plating bath, from which a 
dense, smooth deposit is obtainable. Unless some substance, such fis 
glue, peptone, clove oil, or the like, is present itf a*lead -plating solution, 
a useful deposit of lead cannot be obtained. Another comiyion character- 
istic of jfto^t, if not all, useful lea^l -plating baths is that they^WKit^ 
free acid. The acid employed varies from bath to bath, but it is usually 
apember of the class known as “?>trong ” acids, one, that is to say, that 
is well ionized in solution.® The fact that these two kinds of constituer.ts 
are always, or nearly always, present in good lead-plating baths is an 
important one for those to note who desire ro make up a bath for them- 
selves. 

1 Trans. Am. Electrochem. 8oc., 1909, vol. xv. p. 433. 

*lbid., IJlOpvol. xvii. p. 261. 

* A full account of Betts’ work will be found in Lead Refning by Elfclrolysis, 19(?8. 

(J. Wiley & Sons, New York.) , ^ 

* W. Blum (and co-workcrs), op. cil., pp. 247 and 248. 

® See W. Blum, Traeis. Am. Electrochem. SoeVy 1921, sub “ The Use of Fluorides in 
goJutions for Nickel Deposition,” and W. E. Hughes, “ Recent Progress in Nickel-jjlating,” 
Electrician^ May 13, 1921. * ^ « 

* Cfl A. G. Betts, Trans. Am.tElectrochem. Soc., 1910, vol. xvii. p. 272. 
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MatheHs’ Perchlorate Bath 


(a) Composition 

The compolition that can be employed is evidently variable, since 
Mathers himdSlf has recommended more than one, and the author has 
used, with equally good results, a bath of a composition different, as 
regards quantities* from any* given by Mathers, though essentially the 
same as his perchlorate solution. Mathers gives as the compositions of 
two baths employed by him ^ : (i) 4-5 per cent, perchloric acid, 5-4 per 
cent, lead, and 0*05 per cent, peptone , and (ii) 6*1 per cent, acid, 7*13 
per cent, lead, and 0*05 per ccut. peptone. In a later paper, ^ Mathers 
states that lead acetate can replace lead perchlorate, and ammonium 
(or sodium) perchlt)rate and glue can be used in place of the acid and 
peptone. Still later, ^ Mathers nas stated that “ clove oil in the per- 
chlorate bath gives a splendid, solid, smooth, finely crystalline deposit.” 
The composition of a bath ^ that has been successfully used by the 
author is as follows : G Ib^ lead per, chlorate, 3 lb. perchloric acid (sp. gr. 
1*250), 1 oz. peptone, and 12 gals, of water. It should be noted parti- 
cularly that lead acetate can be used in place of the perchlorate, the 
other components remaining the same. This fact lessens the original 
cost of the bath ; and the author has found that the substitution in no 
way interferes with the smooth working of the bath or causes any' deteri- 
oration in the good qualities of the lead deposit. In addition to vari- 
ability, the bath possesses the attribute of simplicity. There are three 
components only ; and, if lead perchlorate is used, only, at most — apart 
from possible complex ions — three ions, namely, the lead and hydrogen 
(both of them cations), and the perchloranion. The function of each 
constituent is fairly clear. The lead salt supplies the metal ; the per- 
chloric (or ammonium or sodium perchlorate, where either of these is 
used) acts as a “ conducting salt,” and, as wSll, as an agent whereby 
the grain-size of the deposit is cut down or diminished ; and the peptone 
as*an ‘^addition agent,” which enables a smooth, dense deposit to be 
obtained from baths that,^ without it, ^yrould yield only deposits formed of 
loosely-packed •and, often, large grains.^ The bath conducts well. 
Th? anode and cathode efficiencies ar» very close to 100 per teii^.® "fne 
bath is stable — does not change, that is to say, in composition on standing 
or with use ; its composition remains, within working limits, constant 
Mathers gays (op. ciL, Note ^0) : “ The perchlorate baths, which had 
been used for months, did npt give any test for chlorides with silver 
nitrate. This shows that there is no loss of perchloric acid by slight 
*rQ^U Ctiqn. ” ^Mathers has c’ determined that the loss of acid amounts 
to oi51^'-'4 lb. per ton of lean -^ited. The author would prefer to use 
th^term “ deficiency ” •ather than “ loss ” (of acid) : it is very*probably 

* ^ Trans. Am. Slectrochem. Soc., 1910, vol. xvii. p. 268. 

2 Jbid., 1913, vol. xxiv. p. 316. 

* Ibid., 1919, vol. xxxvi. p. 266. • 

* WhfUl said in regard to the action (or function) of “ addition agent^' lh 

Chapter VH. (Zin3),^^lies here also. 

® Trans. Am. Electrochem. Soc., 1910, vol. xvii. p. 26«. 
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due to the bath as a whole becoming, in couniie of usage, less concentrated 
in consequence of the removal of solution on the plated articles and the 
intr^uction of water on the articles when suspended in the bath for 
plating. The deficiency can, of course, be easily made up from time to 
time by additions of acid, when this is seen to be necessarji) ; the necessity 
is evident from the increase of voltage necesspry to work the bath, from 
considerable variations in the thickness of the deposit over the surface 
of the articles (including absence or thinnftss of deposit in hollow parts 
of the surface), and from “ current marks ” in the surface of the deposit 
itself. Addition agent is carried over into and included in«the depositee^ 
metal ; that is an easily demonstrable ff^ct. \yhen the amount of this 
present diminishes below a certain netvessary minimum,^ the depoi^t 
becomes obviously crystalline, and less dense and smooth ; but an addi- 
tion of a small amount of the addition agent restored the deposit to its 
former consistence. Mathers says : “ The peptone is gradually used up, 
and after about four days, a quantity equal to the original amount should* 
be added.” The author found that rath^ less was required. Those 
desirous of depositing lead are urged to obioain and consult Mathers’ 
original paper : ^ Electro-deposition of Lead from Perchlorate Baths.” 
It is to be found in the Transactions of the American Electrochemical 
Society, 1910, vol. xvii. * 


(b) }^orhing Conditions 

Mathers states that a current density of 18 to 20 amp./ft.^ may be 
used ; but it is suggested, as the outcome of experience, that 10 amp./ft.^ 
is a good current density to employ for continuous deposition. The bath 
is worked at the ordinary temperature — 60° to 70° Fahr. Anodes : These 
should be of good sheet lead. The anode surface should be large : a 
thickness of ode-tenth of,an inch is sufficient. 


(c) Operation 

« 

^ No special rules are necessary to operate the bath. As in all ^ tmg, 
care shtmld be taken to “ strike ’i the articles quickly. In the case of 
articles made of iron and steel, it^has been found advisable to coat them 
lightly with copper in a cyanide bath (and then swill them well in running 
water) before suspending them in the lead-,plating solution. This enures 
adhesion. The anodes will appear crystsjline after the bath has been 
working for some little time. This is as it should be. If the anodes 
become covered with slime, then either they are impure, the ]jp|h' 
contains toq little free acid and more must be added, little by little. As 
above indicated, if the deposit becomes visibly cjystalline, yiore peptone 
is necessary, Mathers states that clove oil gives an ’even, better deposit 
than peptone ; but the author’s expei^epce is with the latter, and he 
c^jamrm that excellent results are obtained with that substance (pep- 
“ tone) as addition agent. • . * 

* ^ Of. B. Marc, Z4H, /. Elektrochem., 1913, vol. xix. p. 431. 
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(d) Deposit 

The deposit obtained from Mathers’ bath has a light grey colour. 
Deposits up to 0*024 in. can easily be obtained, possessing a surface that 
is very smooth.^ The metal appears to the eye to be structureless ; but 
under the microscope it ha# a structure that is of great interest. This 
subject has been investigated by the author.^ The deposited lead is 
malleable and ductile, and i!hese, as indicated above, are important 
properties. At the same time, it is doubtful whether the deposit is ever 
^heniically pure. Every sample tested by the author has been found 
to contain organic rnattej (deri^d from* the peptone, most probably) ; 
iW presence can be made a mafber of ocular demonstration. The total 
amount of impurity does not, however, amount to more than some 
small fraction of 1 per cent., and there is very little (if any) likelihood 
oi the small amount of impurity present being any detriment to the 
lead deposited for protective purposes. For instance, some samples 
of steel tube which were plated seven years ago and of which no special 
care has been taken are entirely fret from nist to-day, so far as can be 
seen with a hand lens. If the deposit should at an^ time during its 
formation appear to the pye to be crystalline, more peptone must be 
added to the solution. 

Betts’ Fluosiltcate Solution ^ 

% 

PRELIMINABY REMARKS 

This bath was patented and first described in 1901. From that time 
it has become more and more used as a means of refining lead. It was, 
indeed, the only one, of practical use for that purpose, that was known 
until Mfttji^s published his work. The solution has been closely investi- 
gated by K Senn,® whose conclusions, as an independent investigator, 
are important. Stated generally, they are as follows : (i) Lead can be 
eleclrolyfically refined m hydrofluosilicic acid solution, plates of coherent 
metal being obtained, (ii)"' Addition ot gelatine to the electrolyte hinders 
the fonnation (sf individual crystals or stars of crystals. 0*1 gm./lit. 
iy a suitable quantity of gelatine to use ; the use of a larger«.n»un{^s 
needless, as the beneficial influence on t^e deposit is not increased by the 
excess, (iii) The conditions for good deposits are : Composition : hydro^ 
fluoyilicic -acid, about 11 per cent. ; metal content, 4 to 8 per cent. ; 
gelatin 0*1 gm./lit. Current density, 0-5 to 1 amp./ft.^ In Senn’s opinion, 
the metal is present as a constituent of lead silicofluoride. To make his 
golttt iom he diluted 33 per cent, hydrofluosilicic acid solution to 20® BA, 
and carefuily neutralized any sulphuric or hydrofluoric adds present 
witk lead caijDonate. Ihe solution was then treated with 12^3 grms. 
of lead carbonEyJe per litre, in order to obtain a solution containing 100 

1 Jotw. Phys. Chem., 1922, vol. xxvi.#. 316. 

* Amer. Pat. No. 679,824 (1901). A somewhat later patent, N6. 713,277 (1902), con- 
tains Bom» furt^i^^culars. This patent seems to be in all respeots the same as^oP 
718,278of thesame yeStl902). Vide also Elecirochem. a ’ Mel. Indue.. 1903. vol. i. n. 47. 

• Zeit. /. Elektrochem., 1906, vol. xi. p. 229. 
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gnns. of lead (metal) per litre, (iv) Senn concluded that to employ a 
more dilute solution than that just described, or a greater current density 
than that mentioned, proved harmful to the deposit. He obtained deposits 
2 mm. thick. 

It may be added that M. Schlotter Bays ^ that “ Rising a solution 
containing gelatine, the current density caij, be raised td 2*5 amp. /ft.®, < 
if the concentration of the electrolyte be 22® B6., without outgrowths 
being formed.** This, however, only appliew to plating purposes as distinct 
from refining. The present author has done a considerable amount .of 
work with Betts* solution and has obtained some good deposits from it^ 
but two chief difficulties have "been experienced, namely (i) those of a 
practical kind, which were mei? with ^hen maldng up a bath of spy 
considerable quantity — 80 or 100 gals, or more ; and (ii) those arismg 
from the silica which was found to separate during^ the working of the 
solution or even when it remained unemployed. It was found that, at 
times, the silica interfered with the formation of a smooth reguline deposit^ 
and even hindered the free passage of the current. 

The opinions and experiences ofisome independent workers with the 
Betts solution have been given in the foregoing, and, incidentally, details 
of composition and working conditions have been stated. It will, however, 
be advisable to follow the course taken in former chapters in connection 
with the electro-deposition of iron, nickel, and zinc, and consider the 
Betls solution in relation to each of the subject matters mentioned. In 
the present instance, the derails given will be, for the most part, those 
given by the inventor of the bath himself. 

(a) Comfosition 

Curiously enough, Betts does not state in the 1902 patent the com- 
position of tke solution he used. He says only : “To carry sat my 
invention, I employ any suitable electrolyte — such as, for example, a 
solution of a lead salt of a fiuorin acid. To the electrolyte is added a 
miantity of a reducing agent, which I have found materially improves 
tne deposited lead. Among the substances which I ha\(3 found available 
for such purpose are gelatine, pyrogallol . . .*’ Nor Is a solution of 
^etinitu^ composition recommendod in what appears to be the original 
patent of 1901.® But it is stated in this that : “ The relative amounts 
^f lead fluosilicate and fluosilicic acid in the solution may vary according 
to the amount of work required to be accomplished by a given eapenditure 
of power. 16 per cent, of lead fluosilicatein the solution will be sufficient 
for all strengths of current up to the practical limit. When for economical 
reasons it is desirable to have a minimum electrical resietftUQ e J fl, 
solution, tlpe proportion of fluosilicic acid only should be increased, as 
the acict' conducts better than the salt.** In other wordSj, Betts claims 
that the proportions of the ingredients are variable; an^ that they may 
be varied according to the end requir^, Such variability is always an 
asi^t in a plating solution. In the description given by Betts of the 
process in opeJlition at the Canadian Smelting Wori£S ail; ‘British 
^ QdlvanosUgie, 1910, Ttjil 1, p. 20. • That is, No. 679,824. 
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Columbia,^ tbe method of preparing the solution is too complicated for 
adoption in plating-shop practice. But in a later paper by Betts himself 
and B. F. Kern,* results obtained from two electrolytes are given, namely 
(i) 13*5 per cent, lead flaosilicate (PbSiF^) and 6*5 per cent, free hydro- 
fluosilicic acid ^SiFg), and (ii) 8*5 per cent, of the lead salt and 2*5 
per cent, of the free acid.^ The advantage of the more concentrated 
electrolyte is that, with it, higher current densities can be used.® The 
amount of gelatin used was, iit both cases, 1 grm. to 2000 c.c. of solution, 
which equals (approximately) 2^ grms. per gal. Since solutions of the 
foregoing compositions were employed for coulometer work, one may 
assume that they satisfy^ all tha needs df an ordinary plating bath. As 
a fact, the author has used solu|ions based-ion the above figures, namely, 
a bath having the composition 131*5 grms. lead fluosilicate, 61*5 grms. 
free acid, 0*5 grm. gelatin, and 1 lit. water, and obtained excellent deposits 
from it. ^ 

(h) Working Conditions 

These are given by Bf^tts in the ])atcnt specifications of 1901 and 
1902. They are as follows : Current density, 10 to 20 Rmp./ft.* (8 to IG 
amp./ft.* were used in the coulometer work) ; Temperature, ordinary ; 
and Anodes, a good qualify of refined lead. 

(c) Operation 

The Betts solution has obtained extensive employment as a means 
for refining lead. The author is informed by the management of the 
Consolidated and Mining Company of Trail, British Columbia, that 
lead-refining by the Betts process is being carried on at Trail. “ The 
plant installed here was the first of its kind built anywhere, though there 
are s^f^sal. others operating in the United States now.’^ The plant has, 
at present, an output capacity of 110 tons of defined lead per day. It 
would se^tn, therefore, that the operation of the bath for refining purposes 
is a straightforward pijictical proposition. Nevertheless, the author has 
not found the solution easy to control, as a plating bath. It may be that 
there ^are some^ details of practice to be observed in working the bath 
Vhicli ar^unknown to him, and the observance of which enahie tfee good 
deposits, which can be, without doubt, obtained from the solution, to 
be regularly and consistently product!. It may be that the bath 
oneP^of that type that it is necqssary to become thoroughly familiar with, 
as regards its working, before the best results are to be got from it in 
works practice.* However this may be, the operation of the fluosilicate 
"'b'rti. j^^qgjt-inly* more difficult than is that of the perchlorate. Not only 
doeSv' the gelatine become gradually used up and, hence, ^have to be 
replaced, but, h#en already stated and as is again insisiwd upon, 

* ^ EUctrochem. %nd Met. Indus., 1903, vol. i. p. 407. 

* “ The Lead Voltameter,” Tro»w,.4p». Electrochem. Soc., 1904, vol. vi. p. 67. 

* Betts and Kem, op. cit., p. 78. • 

‘ Thete w»4**iy^ch batns. A man accyistomed to silver-plating only would Jro^ 
•Wy meet many ttoublfes in working a brass-plating solution or, even, some tinplating 
baths. 
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it is found that colloidal silica separates in the solution, especially if the 
solution be allowed to remain unused for any considerable length of time. 
Such, at least, is the author’s experience, and H. Senn mentions the 
same fault.^ As a consequence of separation of silica, the anodes may 
become “ clogged ” by deposits of it upon them ; snjh deposits will 
diminish the conductance of the solution as a whole, and they will, further, 
lessen the area of free anode surface. Another consequence is that some 
of the silica, floating about in the solution, will settle upon the cathodes 
and become incorporated in the deposits, thereby changing their physiqal 
properties. Another matter connected with the operation ^of Betts, bath 
is this — the constancy and uniformity of the composition of the bath ih 
action are certainly not equaj to those ^ the ;^erchl orate bath, and this 
becomes a source of difficulty in a plating shop. The limits of working 
are,_however, wide, which is always an advantage m a solution. A too 
high current density is indicated by ‘i-he deposit assuming a silvery- 
white appearance, and excessive current density has the effect also of 
making the deposit harder and more brittle. ^ The anodes appear to 
dissolve w’ell, and this, again, is a good point. The sufficiency of the 
gelatin content cj.n be known from the microscopic aspect of the deposit. 
It is stated by Betts and Kern ® that With age and by use the gelatine 
slowly loses its reducing property. The appearance of the deposit 
indicates when more gelatine is needed, so that as long as the deposit forms 
smo^wli and non-crystalline, none need be added. The gelatine is added 
by dissolving a small quantity in hot water and adding it directly to the 
electrolyte. The moment it is added the crystallization of the lead is 
prevented.” This passage from Betts and Kern is cited in full with a view 
to pointing out — especially — ^that the practice of adding a substance 
directly to a plating solution and in a haphazard quantity, is a thoroughly 
bad one. It is a practice which often brings about serious difficulties. 
The method described in Chapter IV. should always be adopted, More- 
over, it is not accurate to say that the moment the gelatine ^ added the 
crystallization is prevented. As hds been stated before,^ the effect of 
an addition to a plating bath (especially one of 200 or 300 •-gals.* in 
amount) always requires time to show itself. It is because workers will 
not remember this fact that, because of addition of excessive quantity, 
a Inedigin^becomes a poison. Nt>t once nor twice only, in th^i authbr’s 
experience, has failure to grasp the importance of this fact been found 
to be responsible for serious plating troubles in the shop. Iju one 
instance a bath of 500 gals, of nickel solution had to be thrown away as 
a consequence. ^ 

(d) Deposit 

The deposit from the Betts bath is smooth and dense, ligHf gie^ m 
colour, and, ‘under the best conditions, free from outgrowths and nodqiles. 
It is, to the eye, non-cryst-alline. As already stated, it it is seen to become 

^ Op. cit.^ p. 246, Result 6. 

* Cf. Amcr. Pat. No. 713,277 or No. 713,278. 

* Op. cii. 

* Chapter IV., 6^h now. “ The Upkeep of the Solution.” 
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crystalline during deposition, more gelatine must be added. Betts and 
Kern ^ say that the deposit will always remain non-crystalline in appear- 
ance so long as the solution contains about 1 part of gelatiu by weight 
in 2000 to 4000 parts of solution. 


mIcro-structure 

• 

, Very little indeed is known about the micro-structure of electro- 
deposited lea^. While considerable attention has been paid of late 
\o the structures to be found *in otheP deposited metals, that of lead 
has remained uninvestijated. / One r^iasjn for this may be that the 
preparation of polished and etcned sections of the metal for examination 
under the microscope is difficult. In fact, it is not too much to say that 
no general methv^d of polishing and etching lead, whether electro-deposited 
•or other, has, as yet, been developed. Another difficulty met with 
consists in the deposition of the metal in a form that will permit of 
polishing and etching at alb Unles^ addition agents are employed, dense, 
coherent deposits cannot, by present-day methods, d)e obtained — ^the 
deposit consists of a mass of loosely adherent skeleton crystals. On the 
other hand, if addition agints are used and a dense, homogeneous deposit 
formed, then the structure is so minute that the preparation oi a polished 
and etched section becomes a process of still greater difficulty. Mc^ks^er, 
variations of crystal (grain) size with variations in the conditions of 
deposition appear to be less marked when addition agents are employed. 
That is a fact of note for its own sake. One line of attack that has yielded 
results of some promise consists in omitting the polishing operation 
altogether and etching the unpolished surface of the deposit by electrolytic 
means, A photograph of the unpolished, but etched surface of ordinary 
sheetj^d.is shown in a contribution from the present author to the 
discussion bn a paper on “ The Electrolytic Et(?hing of Metals,” read by 
F. Adcock befpre the Institute of "Metals.^ The grain structure is well 
se^ in4he micrograph. Application of the method has been made to 
electro-depositei lead*ateo ; and observation of the etched surface 
of the metal with the microscope discloses a structure of great interest, 
one Which it is, at present, difficult to interpret. • 

The study of the micro-structure of electro-deposited lead is, though 
difficult, one which will, almost certlinly, yield information of very 
great intejest, and the results of it would, it is believed, be such as could, 
many of them, be put to gooJ use in the workshops. There is here an 
almost untouched field of research. 


TESTING 

Many of the tests applicable ^ zinc deposits can be made to ascertain 
the value of deposited lead. Its value will, in mosU cases, be directly 
propofrtosn^ fib4tSiC4)vering power, by which is meant its power or capacity ’ 
1 Op. cit. > Jour. Inst. Jfetofa, IWl, No. 2, voL xxvi. p. 36^ 
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to cover up the underlying metal so as to prevent access to it of moist 
|iir or other corroding agents. The deposited lead functions in just the 
same way as does a paint or varnish. Hence, porosity of the lead coating 
wiU be a great detriment, and tests should be directed to determining 
this.^ A simple test for pin-holes, cracks, and other dSscontinuities in 
the deposited metal — a test particularly applicable to iHetals such as 
lead, which are electro-negative to iron — is the following : Immerse 
the sample in a 1 per cent, solution of sodkim ferricyanide in 2 per cent, 
sulphuric acid. If a blue precipitate appears at any part of the surface, 
a hole (or crack) in the surface is indicated.^ The Bureaurof Standards^ 
Washington, states that acetic j£cid can .be used for sulphuric, but that, 
in such case, the action is slo\;eri^ \ * ** 


REFEREhlCES 

W. E. Hughes. — “ Studies on the Electro-deposition of Lead from Mather’s Per- 
chloraU^ Bath. I. The Structure of the Deposit,” Jour. Phys. Chem,t 1922, vol. 
xxvi. p. 316. 

Note . — An interesting criticism of the foregoing chapter has recently appeared 
in the Zeif. /. MeMllkunde^ 1922, vol. xiv. p. 210. Dfv Breuning is its author. 

* See Chapter VII., Zinc. 

Aue author has used this test for many years past in connection with nickel-plated 
iron and steel goods, and found it yery reliable. 

• Bureau of Standards, Circular No. 80, 1919. 




CHAPTER IX 

TIN AND CHROMIUM 
I . * . 

T he electro-depositidh of t/ji is of® cj^siderable importance to en- 
gineers ; but a mistaken idea that seems prevalent in regard to it 
needs to be pointed out. Just as nickel-plating is supposed by some 
people to prevent corrosion or rilsting of the iron or steel underlying it, 
•so is tin-plating. H. Altpeter ^ points out the falsity of this idea. He 
states that, while zinc serves both to protect and to improve the look 
of the iron or steel goods cOn wticjs it is deposited, tin serves only the 
latter purpose. This, however, is too extreme a vie\^) for a deposit of 
tin will certainly in some measure protect the iron or steel ; but it must 
always be borne in mind*fchat, in so far as tin affords any protection, it 
does so fcrx the same reason as nickel does. It is, indeed, more^effective — 
as a rule — than nickel, because it more completely covers the tiW or 
steel on which it is deposited. The solutions used for tin-plating are, 
usually, much better conductors than nickel-plating baths, and they 
“ throw ” 2 into the hollows and crevices of the surfaces of the objects 
to be plated much better than do nickel-plating solutions. Hence the 
covering of tin over the iron or steel is much more nearly continuous 
than that of nickel, and thus there are fewer points of attack for the 
agenti|4^ (jorrosion to work at. But tin, like lead and jiickel, has no 
inherent juSperty to assist it to protect iron : • like these metals, tin is 
electro-negativQ to iron, and it wilf only protect iron or steel in places 
whftre it completely covers it, and so prevents the access of moist air. 
Tin is, however^more^eAstant than zinc to fumes and gases that may 
be present in tl^ atmosphere, but it is less resistant than lead or nickel, 
i^t ‘Inay bC* said, in general, that the 4>rder of value of thes^ mafeiW^as 
protectors of iron and steel from corrosion is : zinc, lead, tin, nickel, 
zinc beinfif the most efficient, nickel th(f least. ^ 


USES AND APPLICATIONS 

* * 

a* 'Pf&'-t&es to which the process of tin deposition can be put are not 
flp yell known as they jhould be. It can be applied to tiff-plying the 
trays and moulds used in chocolate factories and in works m^^ioh 
^ 8tM w. Eiatnl 1916, vol. xxxvi. p. 780. 

*ThiB expression — “to throw” — is% term frequently heant in the plating shop. 
It is used of both solutions and deposits. “ A solution does not throw well,” means 4ha^ 
it is difBKitilt/tO pfilSe with it the interiors of h<9les or cracks in objects. 

*Cf. W< Lange /. Metallkundej 1921, vol. xiii.g). 267. 

7 
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articles of diet, such as jellies and the like, are made. In these cases 
the moulds are, after being “ electro-tinned,” Scratch-brushed, “ quicked ” 
in a solution of a salt of mercury,^ and again scratch-brushed. The result 
is a bright surface. The purpose of the ‘‘ quicking ” is to prevent the 
chocolate or jelly from adhering to the mould on cooling, ,nd thus enable 
the cakes of these goods to be separated from the moulds without fracture 
and with a clean surface. Biscuit manufactiirers use the tin-deposition 
process to renovate the biscuit boxes (of ^tinned iron) that have been 
returned to the factory after circulation. Another use, for a purpose 
similar to that last mentioned, is that of re-tinning by electrolysis the 
pots and pans used for culinary purposes. If such articles are well 
cleaned, and then electro-tinned and '^scratch-brushed, they present 
quite a good— indeed, almost new — appearance. Several gasworks 
throughout the country seemed inclined, in pre-war days, to encourage 
this method of renovation. It would certainly “ pay at the present 
time, and there would probably be less difficulty now in overcoming 
that prejudice and ultra-conservatism which has always opposed the 
progress of electrolytic methods in, this country. Electro-tinning has 
been, and is still, used to deposit tin on such classes of goods as lamps 
and lamp fittings, gas brackets, buckles, and th(} like. Fenders, bed- 
steads, fire-screens, and other metiil furnishii.gs are often so treated.^ 
The object in these cases is to deposit a m(‘tal on the base mHal — iron, 
bra^^'or other — that will be cheapcT than silver and yet can be “ oxi- 
dized,” so as to appear like oxidized ” silver. A skilful metal colourer 
or bronzer can produce some very beautiful rcdief effects by this method, 
and it requires very close inspection to distinguish the “ finish ” from that 
of “ oxidized ”, silver.® The use of tin for silver has at least one advantage 
in respect to the finished article : the tin will not tarnish as easily as will 
silver, if the lacquer should wear off.* 


PROPERTIES 

Electro- deposited tin is, usually, of a dull white colour, even though 
deposited from a solution containing a colloid — for instance, gelatine.® 
Thk f«.ct has undoubtedly militated against the developmc:pt of .the^ 
electro-tinning process. As W. Pfanhauser says : ® “It has so far proved 
impossible to produce, elcctrolyti^ally, a tin deposit which can be taken 
but of the bath in a bright condition.” It is always necessary to scratch- 

^ A suitable “ quick ” is made as follows : Dissolve 5 to 10 grms. of cyanide of mercury 
or of mercuric chloride (corrosive sublimate), and double that quantity of potassium 
cyanide in a little water, and make up the volume to 1 litre. (A. Brocket, Manuel pratique 
de galvanoplaatic- y 1908, p. 140 ; Bailli 6 re et fils, Paris.) Mem . : 28*36 grms. = l oz., 

4*636 litres =1 gallon. . - — > , 

* The proems of “ oxidizing ” tin requires considerable skill. Any one interesteowul 
find ifiiormation in an excellent book by G. Buchner, entitled Die Meiettfarbungy 

pp. 109 et seq., or in almost any volume of the Bra^s World. (Bridgeport, Conn., U. 8 .A 0 ) 

* The term “ oxidize ” is a misnomer. Vide Chapter I., p. 7. 

* All “ oxidized *’ goods must be lacquered. ' 

\Cf. nickel and copper, which are usually bright when deposited from baths containing 
gelatine. ^ 

^ ^ulvanoteckniky 1910, p. OOJ. 
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brush the deposit, if one wishes to secure a bright surface similar to that 
produced in the “ pot process ” ; and this necessity has often (in th% 
author’s experience) prevented the adoption of the electrolytic method. 
Electro-deposilj^d tin is soft and malleable. After deposition has con- 
tinued for half an hour or so, the deposit can be seen to become more 
and more crystalline ; and) if deposition be continued over any consider- 
able length of time, the deposit is apt to become either spongy or dendritic. 
When thick deposits are requfred for any purpose, a colloid must be' added 
to the solution. Deposits up to 0*02 in. thick, formed in such baths, have 
])een found bj the author to retain the dyctility and softness characteristic 
of tin ; but whether thi^jk dep(?^sits will dp so or not depends upon both 
the composition of the solution' and the pLrticular colloid used in it. 


TIN-PLATING BATHS 

A large number of tin-plating baths have been recommended in text- 
books and patent specification.^. ]V>ost of them are worthless. The t 5 rpe 
of solution that has been most employed is one proposed by Eisner,^ 
and based upon the pro^ocliloridc of tin dissolved in caustic soda or 
caustic potash ; a solution of this type will serve almost any purpose a 
tin-plating solution is required to serve. It may be mentioned hcr^.tJ!iat 
the required thickness of a tin deposit seldom exceeds a very small fraction 
of a thousandth of an inch. Such a thickness as is obtained in some 
thirty or forty minutes from a bath of the t 5 rpe mentioned is usually 
considered sufficient. Deposits of the order of thickness here referred to 
are usually smooth and, apparently, structureless. They have not had 
time to appear crystalline to the eye, or to develop trees.” If, however, 
a really thick deposit is required, a colloid must be used, and it may 
be advioable to use a bath of the acid type — one, for instance, containing 
oxalates and oxalic acid (vide infra),'^ or phosphates and phosphoric 
acid. Both types of solution will be considered, but particular attention 
wiU be j^aid to the alkyliije type, since that is, for practical purposes in 
the plating-shop (&,s distinct from the refinery), much the more important. 

The Alkaline* Solution 
(a) CompoMtion 

sokition recommended •is one composed of ^-Ib. of caustic soda, 
1 lb. of protochloride of tin (•‘tin saltsy” as it is called in the trade), 
and 1 gal. of wat^. 1 oz. per gallon of potassium cyanide may be added, 
iiut for many purposes the addition of cyanide is unnecessary. The 
soiuliion should be made by first dissolving up the caustic soda and t hen 
(a little at a tinft) the tin salt to the hot soda solution, "stirring 
^11 and «contiirjousIy while making each addition. If cyanide is to be 
used, the solution should be allowed to cool before the qyanide (separately 
dissolyed in water)nisf added. Caustic potash may\bc substituted ^or. 

^ Vide G. Langbein, Electro-depoaition of Metals (trans. W. T. Brannt), 1909, p!«440. 

• And cf. the Brass Worlds 191 8, vol. xiv. p. 61. * 
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caustic soda, but such substitution will add^to the cost of the solutioh 
without adding to its efficiency. The proportions of the components 
need be only approximately those given. Almost every text-book has 
its own proportions.^ Indeed, workshop experience shows that wide 
limits are allowable ; but the author has always found the proportions 
given above to make a solution which, unden, the conditions to be men- 
tioned, will yield good results. A bath with two or three components, 
namely, the “ tin salts,” ^ which contains! the metal to be deposited, 
caustic alkali to act as a conducting salt, and help to dissolve tin into the 
solution from the anodes, and (possibly) cyanide, which helps to keep the 
anodes clean and free from sljmes on thitir surf|ioes, would seem to con- 
form to the requirement of amplicity.^ ^ It so happens, however, th^t 
these three substances give rise in solution to complex compounds, as 
explained below. ^ ’’ 

(6) Reactions 

A bath of the type given is essentially a solution of sodium stannite,- 
which is the compound formed when caustic soda and stannous chloride 
{“ tin salts ”) react with one another chemically. The chemist represents 
the reaction by the equation : (j 

^.,a'NaOH + SnClj (NaO) 2 Sn + aHdl 

(caustic soda) (stannous chloride) (sodium stannite) (hydrochlorig^id) 

The arrows used in the place of the usual, but often incorrect, sign of 
equality, denote that the reaction may proceed either way — from right 
to left, or left' to right — according to conditions. It is what is called 
in chemistry a “ reversible ” reaction : ^ it is, moreover, not complete 
in either direction, but proceeds to a certain extent only, and thus the 
solution contains some pf the original components as well *u.s ♦^me of 
their products of interaction. And. in addition to the four substances 
shown in the equation, there may be potassium cyanide, if this is added, 
and, almost certainly, carbonate, this being aOj^. impurity found in all 
commercial caustic alkalis. It will thus be seen that ^Mie simplicity of 
th^ bath, as judged by the number of components from which it has 
been mad(5, is apparent only and not real. It is necessary, moreover, UfT" 
remember that the composition ojE the solution will soon become still more 
complicated by reason of the alteration of the substances present by 
(i) the oxygen and carbonic acid gas contained in the air, and (ii) thb re- 
actions brought about at the electrodes in consequence of electrolysis. 
In this respect the solution is like all alkaline baths, whether the silver- 
plating bath, brass-plating bath, or other. No alkaline bath can 
stable, or, if other words, immune from chemical alteration or ch«ngd. 

^ Cf. H. Stockmeier, Handb. d. Oatvanostegie, 1899, p. llfti G. Langbein, loc. Cf<^; 
and W. Hanhauser, op. ct^., p. 604. 

* The full chemical formula of “ tin salts ” i i SnCl*, 2 H 2 O. 

J Vide Chapter IV.* p. 36. 

* Not etannate, as is sometimes said. Vide G. Senter, Text-book^f h.^gc^ict^emistry, 

ISlUf'f). 480. ^ • 

* J. W. Mellor, Chemical Stdtice and Dynamice, 1904, chap. iv. (Longmans.) 
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G. J. Wemlund ^ has turned a blind eye to the above-mentioned important 
matters in his recent enthusiastic advocacy of the use of cyanide solutioijs 
for the deposition of zinc, and this fact impoverishes the whole of his 
argument. Once more, for emphasis — There is wo such thing as a stable 
Oft even, ^'fairl^ stable” alkaline ^plating solution : ex natura rerum, there 
cannot he. ” * 

It will thus be seen th4t to endeavour to reduce such chaos to order 
would be waste of time. li is not worth while to try to visualize the 
happenings at the electrodes during the passing of the current. 

In the case of the tin-plating solution, it would be foolish for the 
Wthor to urge an operator t<y try to visualize the electrode reactions. 

could not do so hinfeelf— :vo one couj^5. The chemical reactions are 
not known, and the electrode reactions' must depend upon these. All 
one can say is thai^tin may, in the result and in some degiee, be deposited 
at the cathode, while tin will to some extent be dissolved at the anode. 
What the reactions are that result in deposition and solution respectively 
is not known. At the same time, insistence on the difficulty in the present 
instance is of use for a mxnber of ‘-easons. First, such insistence makes 
it the clearer how unsatisfactory the tin-plating solution in most general 
use is. It cannot be controlled in a scientific way. Second, it follows 
that there is need for research to discover some efficient solution that 
can be sd controlled. Such research can be conducted by any intell^ent 
plater during his daily work in the plating shop. And, third, it is evioent 
that alkaline solutions are not, and never can be, of the same utility 
as the means for continuous deposition as acid baths are. They are not 
and cannot be made stable ; and to urge ^ the use of alkaline baths on 
the ground that the cyanide plating solution requkes less careful 
cleaning of the work than the sulphate solution,” is no less than encourage- 
ment of slovenliness. 

(c) Working Condition 

»rs recommend different working conditions.® Those 

wSich fhe author and experienced platers working with him have found 
to be the best aire : l^mjjerature, 150° Fahr., or higher. Current density, 
as great as oaa be employed. E.M.f., 3 to 4 volts, at a rod distance of 
10’ inches. Specific gravity shcmld be maintained betweei#^if** and 
10° Be. at the working temperature. Anodes, good cast metal only 
should be employed. Agitation, rod rSovement if possible.^ 

•(d) Operation 

The working limits of the bath are fairly wide and vary with the 
anfounts and proportions of the components employed^ This is one 
efithe very few good points of the bath. As Pfanhauser says, ifi^wkposit 
•of more than ^very small fraction of an inch is required, the goods must 

^ Vide Traiis. Am. Electrochem. Soa^, 1921, vol. xl. p. 267. 

* As does Wernlund, op. cit, p. 364. And vide the author’s ^marks on the so-called 

“ cleanifig a#id solutions ” {Electriciqn, Nov. 18, 1921). • * 

* Cf., tor instamce, w. Pfanhauser, op. cU., p. 604. 

* Brass World, 1918, vol. xiv. p. 61. 
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be removed, at intervals, from the bath, swilled, scratch-brushed, swilled 
again, and replaced. But, as a rule, a very thin deposit is all that is 
required in tin-plating. The author has always found that the best 
results are obtained if, and only if, the solution is maintained at a high 
working temperature. A better deposit is then obtained, and obtained 
in less time than at a low working temperature, since a higher current 
density can be used. As regards current deiJsity, it is not of much use 
to try to work by the ammeter. Experience soon shows the operator 
when his current density is too high : the deposit will become powdery 
and of a dirty colour. The edges and corners of the goods must be 
watched, since in these places the currei{i; density is highest, and there 
the effects will be first seen. ’Ey lerienc^ must,^ in fact, be the guide ip. 
working this bath. Supply of metal will be aided by suspending (in 
a basket) in the solution some granulated tin. The metal in that form 
presents a large surface for attack. The anodes should "be as many in 
number as the rods will accommodate, and they should be removed 
from the bath when it is not at work. The following points may be 
noted : (i) Slow deposition indicate!; either low metal content or too 
high alkali conteijt. (ii) The formation of a scum or layer of white or 
yellowish solid on the anodes indicates insufljciency of alkali. If, there- 
fore, deposition is slow and the anodes clear, thS addition of “ tin salts ’’ 
only is necessary. Since, in this, as in all other tin-plating soliTtions, the 
an^e ehSciency is poor, metal must be added in the combined form as 
salts. But, whatever is add«d, the rules before mentioned^ should be 
scrupulously observed, and especially the rule that only such amounts of 
substances should be added as have been asccrt.ained and are known 
to be necessary ^from trial on a small volume of solution taken from the 
bulk. 

The Acid Solution 

c • 0 ’ 

The only acid bath thht has been shown to be at all sati^"actory for 
plating purposes is that devised by F' C. Mathers. ^ The purpose of this 
bath is to obtain thicker deposits of tin as the result of continuous»depdsi- 
tion. This is not a frequent requirement. Mathers* Jbatli would, of 
course, be serviceable for producing thin deposits,^ but it would be too 
expfeLsii’^e i^ upkeep for that purpet^e, which, as has been said,t§ servAl,* 
in most cases, quite well by the alkaline bath. The author’s experience 
with Mathers’ bath is, comparatively, limited, but it is sufficient to epable 
hfm to recommend it. Indeed, Professor Mathers’ reputation fpr careful 
work is sufficient of itself. The following j^articulars are those given by 
Mathers : ^ (i) Composition, 5 per cent, stannous oxalate, 6 per cent, 
ammonium oxalate, 1^ per cent, oxalic acid, and J pef cent, peptone.,- 
The stannous oxalate may be made by precipitating stannous chlouid^ 
(“ tin salts ”) Vith oxalic acid, (ii) Working conditions. —Current density, 
4 amp'7?^^ though rather more current may be used. E.M.F. \ the averager. 

1 In Chapter IV. ^ 

* Trans. Amer. Eleclrcchem. Soc., 1916, voL xhx. p. 411. 

* Qi. Q. A. Roush on Mathers’ paper, p. 415. «• 

* Cf. ^asB World, loc. cit. : stannous oxeMate, 6 oz, ; ammoniuw^o^dnate, 6 oz. ; pep- 
tone* JdS. ; water, 1 gal. E.M.I^ (at 9-inch rod distance), 2-3 volts. 
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18 J volt at about 2-in. rod distance. Temjperature, ordinary, (iii) Opera- 
tion, Lack of metal (tin) in the bath is shown by the deposit becomittg 
dark, and an addition of stannous oxalate must be made. If the anodes 
become covert with insoluble material, they must be brushed till clean, 
and an add’.Jion of ammonium oxalate must be made to the solution. 
Finally, when the deposi| shows projecting crystals, peptone must be 
added. 

. General Comments 

, The foregoing particulars are, as the author has found, sufficient to 
enable a worker to rbt^in gocM deposfts ^f considerable thickness from 
Mathers* oxalate batk. But the solutioi^s not by any means an entirely 
satisfactory one. The inventor himself points to some defects when he 
says “ During electrolysis, a^ne yellow precipitate forms in the bath 
and settles to the bottom as long as sufficient oxalic acid is present, but 
if the bath needs more oxalic acid, porous, crystalline salts form on the 
sides of the beaker and on the elccj^rode connections at the surface of the 
liquid, and gradually cliiftb upwa'id. The addition of more oxalic acid 
stops this.” Mathers does not say what the yellow precipitate is, but, 
most probably, it is a c^iniplex salt of tin ; ^ and hence, even when the 
bath fiingtions well, metal is precipitated from the solution as a con- 
stituent of a salt, and it is lost, therefore, to that extent to the*catiyjde 
deposit. This is serious, since metal lost in this way has to be regained 
by the solution somehow ; and the only^way available is by addition 
of stannous oxalate, as the anodes do not supply metal sufficiently fast 
to compensate even for that removed by deposition at the cathode. 
Moreover, the presence of suspended matter in a solution is always a 
source of difficulty, because deposits formed in baths containing it are 
apt to be rough and also to contain such matter as inclusions. ^ Again, 
on p. 3, 'Mathers says : “ In spite of these additions to%he baths, they 
finally become so deteriorated that. bright, solid deposits could no longer 
b% obtained.”* This indicates that the bath is liable so to deteriorate 
ill course of time that^'t J)econies impossible to restore it ; and this is an 
indication that Control of the bath is far from satisfactory. This liability 
i^deterkratioh is further referred to in a later paper by Mathej^and 
W. H. Bell.^ Mathers says of the* type of bath considA:ed m that 
paper, namely, the alkaline tin-plating^ oath, containing addition agents : 

“ Th^ great difficulty of these baths is their deterioration during operation 
or on sta^nding.® A precipitgit/C forms and the amount of stannous tin 
decreases until good deposits can no longer be obtained. This last 
cathode shows f\ deposit from the same bath after standing for three 

p. 413. 

* Cf. the yellow precipitate that is sometimes formed in A. Classcn’froxalate solution 
foi*lhe electro <analy sis of if^n. 

• * Vide Fig. 1, ^hich* shows the effect of an imdusion of iron oxide upon the structure 

of an iron deposit. See abo Jour. Iron and Steel Insl. (1920, No. 1), vol. ci. pp. 328 et seq., 
and Fig. D., Plate VI., Fig. A., Plate '^I., and Fig. A., Plate N^IIl. 

*• Trans. Am. Electrochem. Soc.^ 1920, vol. xxxviii. p. 136. • 

cMSmic^l ftocess is: 6SnCl2+2H20+02=2SnCl4-|-4Sn(OH)Cl. The so.caU^% 
basic chloride, Sn(OH)Cl, is insoluble, and, therefore, i^precipitated. Roscoe and Sdhor- 
lemmer, Treatise on Chemistry, 1907, vol. ii. (Metals), p, »39. 
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weeks — a bath from which one of the best deposits was obtained. This 
deposit is loose and entirely bad. We found no method of preventing this 
deterioration. We do not recommend this bath for tin-plating because 
of this deterioration.” And later : “ The regular addition of tin salts 
to this bath was equivalent to the preparation of a series of new baths. 
My idea of a good bath is one that maintains ptself for a long time with 
only 'unimportant change.” It is a fact that no entirely satisfactory 
bath has been found that will give good, ‘smooth, and thick deposits 
of tin over long periods of time.^ Research is, therefore, necessary for 
the discovery of one. Before, however, any such work is “commenced,^ 
the results of previous investigators shoull be stjidied. It is to facilitate 
such studies that a number o^r^erenceat to researches on the electrcv 
deposition of tin have been collected below. ^ 


ANODES 

One great faul^of tin-plating baths is that the anodes do not dissolve 
well, with or without the passing of the current. This is, no doubt, due 
in part to the component substances used in tht solution ; but it is also 
due in part to the anodes. There is little doubt that makers of tin anodes 
do%ot trouble themselves about the requirements of the plating shop : 
the anodes are cast under cqpditions that suit the convenience of the 
makers. The same remarks that have been made respecting nickel anodes ® 
apply equally as much to tin anodes. If anodes of the right composition 
and constitution were made and used, it is more than probable that they 
would function better during electrolysis. Only research will disclose 
what the most suitable composition and constitution are ; and it is the 
business of the^ electro-metallurgist to conduct such research and tq tell 
the maker what he reqmres and ask him to supply it. The electro- 
metallurgist and plater will not solve their problem by blaming the 
manufacturers : they must help themselves, and that can be done oidy 
by research. 

¥ 

st^iTctuee 

« The internal structure of tin* deposits has not been studied p but 
observations on the macroscopic appearance of them have, dong a‘^o, 
been recorded. It is well known that electrolysis of solutions of tin 

* A possible exception is a bath M. Schlotter is said to have invented. The author 

has been unable to ascertain the composition of this bath. / 

* In additiojjrto those in previous notes, the following are references to impo]^nt 
papertfn“®P.S. Pat., No. 921,943, and Met. and Chem. Eng.t%.909, vol. viit p. 286 ; Bl F. 
Kem, Trans. Am. Electrochem. Soc.^ 1913, vol. xxiii. p. 199 ; F.*C. Mathers and B. W# 
Oockrum, ibid.^ 1914, vol. xxvi. p. 133; F. C. Mathers and B. W. Cdtkrum, ibid., 1916, 
vol. xxix. p. 405; E. F^Kem, ibid., 1918, vol. xS:xiii. p. 155, and 1920, p. 187. Sm also 

(k Snelling, Met. and! Chem. Eng., 1910, vol. viii. p. 247 ; K. Elbs and H. Thflmxnel, 
dteit. f. EleHrochem., vol. x. p. 364 ; F. Forster and J. Yamasali 9 ,« 6 Klf, 1911, fl>l. xvii. 
p. 661 ^and E. NS,f, Z>MS. 1911. * 

* Chapter VI., ante. * 
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chloride produces skeleton crystals or “ trees.” In 1904, A. B. Sapojnikoff 
published a paper ^ in which he described them, after examination 
of them with the microscope. Still earlier, in 1877, 0. Lehmann * had 
described the frystals, and accounted for their formation by assuming 
** that the pljenomena of formation of crystals electrol 3 rtically are in line 
(mh mreihen lassm) with^hose of the formation of crystals in ordinary.” 
The assumption seemed, he says in a later paper,® so bold that he followed 
the matter further, and th<i result of his investigations was that his 
assumption was supported. This hypothesis, namely, that the same laws 
^f crystallizartion hold for the crystallization of deposited metal as govern 
the crystallization of o^er silbstance^, ^as been more fully developed 
ky the author, and appied t® the cis^of electro -deposited iron.* In 
the absence of direct evidence of the int^nal structure of tin, this has to 
be inferred from ^he macroscopic aspect of the deposit ; but, as one 
finds in the cases of copper, iron, and zinc (and also lead) that the two 
are related, the inference for the case of tin is not unjustified. Experi- 
ment shows that causes which produce certain effects on the macroscopic 
aspect of the other met^fls menttfned produce similar effects (in kind, 
though not always in degree) in the case of tin. For i«istance, the effects 
of addition agents, add^d to a tin-plating solution, are often similar to 
those prc^uced in a lead-plating bath : in both cases, ” treeing ” is often 
prevented, the grain-size of the deposit is diminished, and a solid deposit 
formed. Again, Mathers notes that the crystalline structure of tm dep'Ssits 
from the oxalate bath “ was more pronounced ” when the working 
temperature was 50° C. than at lower temperatures. This means that 
the grain-size of the deposit increased with temperature : so does the 
grain-size of deposits of iron formed in the ferrous Calcium chloride 
solution.® Other correspondences could be pointed out ; but, when 
all is said, inference remains inference — it is not fact. Only research 
can dCcidu whether, in fact, the factors of deposition (current density, 
temperature, and so on) have thg same effects on the structure of tin 
deposits as they have on the structures of other deposited metals. 


CHRCtMIUM 

The electro-deposition of the metel chromium has not yet become a 
••^joAshop process. Its deposition has, however, been the subject ^of 
study by competent invest%ators, and many of the properties of the 
deposited metal have been* ascertained. In the author’s opinion, the 
results obtained fuUy justify G. J, Bargent’s view that “ Chromium- 
plating has commercial possibilities owing to its extreme resistance to 
corrosion by air, moisture, and many chemicals.” ® Thei^ are, too, other 
jftssibilities than^thcfee particularly indicated by Sargent. ^at)mium 

^ JouTti. Ru 88. Phys.-Ghem. jSoc., 1904, vol. xxxvi- p. 334. 

* Zeit.f. Krystallog., 1877,^ol. i. p. 463. 

^ * Ibid., 1890, vol. xvii. p. 272. 

^ El9Ur<Mtposition of Iron, published by H.M. Stationery Office. 

® W. Hughes, op. cit. 

* Trane. Am. Electrochem. Soc., 1920, voL Ixzvii. p. 496. 
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is a very electro-positive metal, ^ and ma}§, therefore, be capable of 
fording protection to iron from rusting. ^ Moreover, there is a possibility 
that a thin layer of chromium, deposited on iron, could be made to alloy 
with the iron by suitable methods of heat-treatment, iu which case a 
chromium-iron surface layer would result and, possibly, ^ non-rusting 
(“ stainless ”) surface be obtained. It is tru| that, as regards this last 
possibility, Professor Bancroft found that the two metals would not 
alloy below a temperature of 1200® C. ; but "he does not give any account 
of his work on the matter, and it may well be that his conclusions aife 
not final. In view of the foregoing possibilities and the ilnportance oi 
their realization to engineers,^ tlie authol* believes it will be of use to 
consider the electro-depositionyo! chromium here ; but the treatmeat 
of the subject will be different' from that adopted when dealing with 
the deposition of other metals. The pri^jcipal object m mind is to assist 
any one wishing to undertake research in connection with* the deposition 
of chromium for one purpose or another. The method of treatment will, 
therefore, be as follows : Some typical researches to be found in the 
literature will, in the first place, be briefly sifmmarized. The principal 
matters concerning the deposition of the metal upon which light is thrown 
by the investigations considered will, then, be jy)inted out ; and, finally, 
the properties of electro-deposited chromium will be described.^ 


lItekature 

(а) R. Bunsen^ s Worh."^ The two most important results of Bunsen’s 

experiments wdf’e that he showed that the two factors of deposition 
which have to be especially considered in connection with chromium 
are current density and the concentration of the electrolyte. Both inust 
be great, if successful resujts are to be achieved. • • 

(б) The Placet-Bonnet Patents.^ These are referred to here, partly 
as being of historical interest, and partly because excelleht deposits ^ 
chromium are said to have been obtained by^tl^ methods patented. 
The author’s opinion of these methq^s is that they must be very difficult 
to carry out, and results as good, and probably better, cah nowadays 
obtamSft by*simpler methods. W. Borchers says, somewhat caustically, 
after detailing the principal PlacSt-Bonnet process : “ Any criticism of 
thr^ above is obviously superfluous.^ At the same time, it must be siW;ted-- 
that later investigators ^ have commented more favourably upoli it. 

(c) B, Neumann's Account of G. Glaser's Experiments,^ Glaser 

^ W. Muthmann and F. Fraunberger found the potential of chromium, against a 
normal KCl solution, to be at least +0-63 volt. Vide Silzungsber. d. Bayr. Akad, v. 
aenachaft, 1904, y«k. xxxiv. p. 212. 

* Pogf^^nn.y 1854, vol. xci. p. 619; Th^ Chemist, 1854 (N(ft 11), p. 686.* An accoAt 
of Bunsen’s work will be found in W. Borchers’ Electro-smeUing (hd Refining (trans. by • 
W. M‘Millan), 1904, p. 496 (Griffin). 

* D.R.P., No. 66,099 (1890) ; Eng. Pats., No. 1S,544 (1890), and Nos. 22,854, 22,865, 
and 22.866 (1891), and No. 6751 (1893) ; U.S. Pat., No. 626,114. See also Compt. rend., 

,m2, m cxv, p. 946. • - - — 

* ^ ideji. R. Carveth and collaborators, infra. 

* Zeit. /. Eltktrochem., 1901, vdi. vii. p. 666. 
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investigated the efEects of purrent density, concentration of electrolyte, 
and working temperature, respectively, upon the electro-deposition qf 
chromium. He used the divided cell aprangement — an inner cell con- 
thining the sqjution of a chromium salt (called “ the catholyte 
and itself contained in an outer vessel which held a mineral acid or a 
solution of some salt (called “ the anolyte ”), in which the anode was 
suspended. Glaser’s results may be summarized thus ; (i) Current 
density. Using chromium chhride solution, containing 10 grms; of, metal 
, per lit., as catholyte, pure metal was obtained at 9*1 amp./dcm.^ (about 
90 amp. /ft.®) with an efficiency of 384 per cent. Above that current 
density, pure metal was obtabied, bui^ it consisted of crystals more or 
Jpss loosely adherent, and\he efficiency was not increased. Using chromium 
sulphate as catholyte, the best condition were, at ordinary temperature, 
65 to 86 grms. of metal per lit. of solution, and 13 to 20 amp./dcm.® (117 
to 180 amp. /ft.®), which gave a yield of 84*6 per cent, (ii) Concentration. 
Using chromium chloride, the best concentration was found to be 158 
grms. /lit., giving an efficiency of 56-G per cent. Above that concentration 
the deposit was powdery : below it ^he deposit was mixed with oxide, and 
at quite low concentrations (below about 70 grms. /lit.) pnly oxide and gas 
(hydrogen) were obtained. Using chromium sulphate, similar changes were 
found to occur with conScntration changes as occurred when chromium 
chloride \i^as the catholyte. (iii) Temperature, good deposits were obtained 
up to 50° C. Above this, black powder was formed at the cathode. 
It was found, too, that increase of temperature from the ordinary 
only slightly increased the percentage yield. Neumann remarks : “ As 
one sees, it is only between definite limits of concentration, current 
density, and temperature, that it is possible to obtain useful metal 
deposits.” 

(d) F. Salzer's Patents.^ The author has obtained only fair deposits 
of chromium from the solution and under the conditions recommended 
by Salzer. ^'But, on the other hand, F. Forst& ® appears to have been 
more successful. His remarks are*as follows : “ Salzer has found that 
f^ the^production of good cathode deposits of chromium, an electrolyte 
consisting of a mixture 6i chromic acid and chromium chloride, together 
with a content ef free sulphuric acid, suitable. The*ratio of metal in 
^ese tw(f forms should be as 4 : 3, dr as 1 : 1.” Forster states tifSt he 
can confirm the fact that, with 2 to 5 •mp./dem.® and 3 to 6 volts, one 
^n (j)btain very hard, smooth and fleiible deposits of chromiuin, which* 
nave a steel-grey colour and can be formed to any thickness. 

(e) G. J. Sargenfs Researcjies.^ Between 1901 and 1920, the date of 
publication of Sargent’s work, there were pubbshed the results obtained 

H'W a number of* other workers. It is unnecessary to consider these in 
» wetftil here, because they are referred to by Sargent in his paper, and, 
no^oubt, foj*med a gui^e to him in his work. But they would hijiy^to be 
studied by any one 'about to undertake researches upon the deposition of 

^The tiolation in the neighbourhood of cathode and anode, respectively, is often 
called catholyte and anolyte. • 

* Ai^r.^m. No. 900,597 (1908), and D.R.P. Nos. 221,472 and 226,769 (1909).» 

* Zm. f^meJctrficJSrA., 1909, p. 809. * 

* Trans. Am. Electrochem. Soc., 1920, vol. xxxvii. po479. 
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chromium, and they are, therefore, collected in a note (infra) together 
with references to sundry patents. Sargent forked with the usual single 
6ell arrangement, and used copper cathodes thinly covered (by plating) 
with chromium, in order to avoid loss of copper ^ and platinum anodes. 
He has himself summarized his results as follows : “ Very good deposits 
of chromium have been obtained from chromic acid soluti(?tLS contaiuing 
small amounts of chromium sulphate. The 'deposition of chromium is 
affected very markedly by the per cent, of chromic acid and chromium 
sulphate present, and by the temperature of the solution and the cathode 
current density used, so that go^ results are obtained only by a careful 
control of these factors. The thickness o(' chromium deposits obtainable 
depends on the current densitj^, the lower^the c^ent density the thicker 
the deposit. The use of low fr'mperatures makes it possible to obtain 
fair ampere-hour yields of chromium at comparatively low current 
densities. A deposit J-in. (IJ cms.) thitfk has been obtained from a plat- 
ing solution containing 24-5 per cent. CrOg and 0-3 per cent. €^2(804)3,*'^ 
at a temperature of 20° C. with a cathode current density of 10 amperes 
per sq. decimetre. A yield of 0*10 grii^. of chro’^mum per ampere-hour may 
be obtained under these conditions with a voltage of a little over 3 volts 
with an electrode distance of about 1 in. The 0*3 per cent, of Cr2(S04)3 
is a very essential constituent of the jilating Elution, as without it no 
more than traces of chromium can be obtained under the conditions 
given.’^' 


COMMENTARY 

The foregoing is but a very brief resume of a few of the principal 
researches that have been published on the electro-deposition of chro- 
mium ; but it will suffice for the object to be served here. It is essential 
that any one commencing research on the deposition of chromium should 
consult not only the papefs that have been considered in the text, but also 
those referred to in the notes. Some principal matters upon which light 
has been thrown by those who have investigated the electro-deposition 
of chromium will now be briefly referred to. 

1. The later researches on the deposition of chromium ^^of which 
Sargi*>t’s i§ typical) confirm all tlie earlier work (from Bunsen on) In 
these particulars : For successful work, a concentrated solution is neces- 

i A- 

^ J. FcVte, Bull. Soc. Chim., 1901 (3), vol. xxv. j>. GfT, alao at p. 620. H. R. daiTfewi 
and W, R. Mott, Jour. Phys. Chem., 1^5, vol. ix. yK 231 ; and H. R. Garveth and B. E. 
Curry, Jour. Phys. Chem., 1905, vol. ix. p. 353, and Jl^rans. Am. Electrochem. Soc., 1906, 
vol. vii. p. 116 : both these are very important papers. M. le Blanc, Trans. Am. Electro- 
chem. 80 c. f 1906, vol. ix. p. 315 : the discussion on this paper is coiitroversial, but very. . 
instructive. M. le Blanc, Dit Darstellung des Chroms (Knapp-Halle). The foUowiiLg,' 
should also be consulted : Geutlier, Lieb. Ann., 1856, vol. xcix. p. 314 ; ibid., Lid). jfnn,f 
1858, vol. cix. p. 129; BufiF, Lieb. Ann., 1857, vol. ci. p. t, and 1858, vol. cx. p. ^8; 
Papo^gfi, Oazz. Chim. Ital., 1883, vol. xiii. p. 47 ; S. (Jowper (!)«*lcs, Chem. News, lOOO^j 
vol. Ixxxi. p. 16 ; W. Bore hers, op. cit., and the Moller-Street Patents, Eng. Pat. No. 
18,743 (1898) ; D.R.P. Nos. 104,793 and 106,647.(1898). 

* The author also fo^nd when working with Sizer’s solution, that copper cathodes 
c«"ere attacked unless quickly “ struck,” t.c., quickly covered, with a deposit cf chromium. 

• Cr^fSO*) is the chemical formula for cnromic sulphate ; chid'mous sulphate has the 
forfculal^S047Ha0. 
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i^ry ; liigli current density must be employed; low temperature is 
better than high temperature ; and agitation is advisable. These facts 
support Forster’s general statement,^ to the effect that “ the conditions 
favourable to the electrolytic separation of a more electro-positive metal 
from aqueous Solution are, therefore, the employment of high current 
density and & quite concentrated, at most weakly acid, solution of simple 
salts of the metal in concein.” 

2. It is possible to obtabj thick deposits of chromium easily, if work 
be conducted under proper conditions. 

3. It is not necessary to work with the divided cell arrangement of 

^he earlier workers ; this wciald be inconvenient in ordinary plating- 
^hop practice. ^ 

4. If the divided cell arrangement H used, solutions of chloride or 
sulphate can be employed alone as catho] 5 rfce; if the ordinary plating 
arrangement is used, a mixed electrolyte seems advisable. One com- 
ponent being chromic acid.^ 

6. Very little endeavour seems to have been made to ascertain whether 
chromium anodes can be rsefully e^nployed. Carbon, lead, and platinum 
have usually been used hitherto. The anode side of +he bath has, as is 
too often the case, been neglected. 

6. Since an insoluble anode has been the type employed up to the 
present, iAetal (chromium) must be supplied to the solution by way of 
addition of metal-containing salts. Such means of supply is MwayT a 
defect in a plating process, and it is, therefore, all the more necessary to 
study the anode side of chromium-plating baths. 


PBOPERTIES 

Thfi properties of electro-deposited chromium, like r those of other 
deposited Yuetals, varj^ with the conditions under which the metal is 
formed. The. colour is usually ^ey, light or dark: it is sometimes 
tIBged with blue. Neumann describes some of Glaser’s samples as 
looking very rajich liSe ^teel, and J. Fer6e states that his deposits were 
silver-white in colour.^ The metal may be hard or, comparatively, 
■«6ft ; afd it is sometimes brittle.i The author found sg-mphi^ from 
Salzer’s bath to be very brittle. Its#hardness is given by Sargent as 
^75 cji the sclerescope, while Bancroft states that specimens he examined 
^ere “ npt very brittle and fairly hard, but, of course, it is no't anything 
like as hard as chromium ctfrbide.” A sample before the author while 
writing is of a bluish-grey colour, and soft enough to be marked with 
the finger-nail. ’ The purity of the metal is high. Neumann states that 
Glaser’s metal was found to contain only 0*1 to 0*2 per cent, of iron; 
bjjfc he does not mer^jjion other impurities, such as chfdrine, sulphate, 

' Elektrochemi^wdiser. Loaung, 1906, p. 195. (Barth, Leipzig.) 

* Cf. Salzer’s patents and Sargent’^results. 

* worked with solutions of potassium chromium chloride that contained 266*5 
grms. ^ chjomium chloride and 233 grms. of potassium chloride per litre. He employfitil 
the low current o^ndfcy of 14*4 amperes per Square foot. — Bull. Soc. Chim., 190^, Series 3, 
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and hydrogen, and other gases. The macroscopic aspect of the deposits 
may be bright (gldnzend) and, apparently, ^structureless, or dull — also 
>^thout apparent structure. But the deposited metal may have a visibly 
crystalline structure : it may be of fine or coarse crysta^ grain, and the 
crystals may be inter-adherent and form a compact mass of metal, or 
they may be loosely adherent and even dendritic. As is the case of tin, 
the macroscopic aspect of the deposit is imjprtant, because it is very 
probable that one can infer from it the internal structure of the metal, 
which, up to the present time, has not been studied. Sargent mentions } 
that electro-deposited chromium is practically unaffected by air, oxygen, 
or chlorine, at temperatures up t® 300° Of, and that it oxidizes at abou^ 
the same rate as nickel, at a l^eniperatiir^ of ^^OO® C. The author has, 
found that chromium deposits S^dll dissolve in dilute sulphuric acid ana 
also in hydrochloric acid. Bunsen says ^ the metal is insoluble in boiling 
nitric acid, while Feree found ^ it to b« insoluble in cold concentrated 
nitric acid, concentrated sulphuric, or concentrated potash solution. A 
not unimportant property of deposited chromium is its capacity to 
“ occlude ” gases : in this it rescmbl^^s both isickel and iron. Garveth 
and Curry ^ state ^that the metal can occlude 250 times its own volume 
of hydrogen. This property of taking up, or “ occluding ” (as it is called), 
gases is important, because such occluded gas will almost certainly affect 
the properties of the metal. 

' ‘ Op. ciL, p. 495. * Op. cit. 
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CHAPTER X 
COPPER 

M uch has been written about the^leCtro-deposition of copper, and 
a great number A patents have^been filed. Nevertheless, it is 
true that, on the scientific side, there stm remains much to learn, and, on 
the practical side, existing knowledge of the properties and structure of 
• the deposited metal is by no means great. The former truth has lately 
been recalled by a paper read by T. R. Briggs before the 1921 autumn 
meeting at Lake Placid of the American Electro-chemical Society. 
Though an important one* this paper will not be considered here ; it is 
of scientific rather than of practical interest, and is, perhaps, controversial. 
The latter truth must be clear to all who have studied the literature 
concerningjthc electro-deposition of copper. A certain amount of research 
work has been published with reference both to the properties and to tlie 
structure of the metal. But in very few cases has systematic work been 
carried out regarding either, and little has been done to connect up 
properties and micro-structure, and to show how these are inter-related. 
It is hoped that some assistance will be given here to t^ose who really 
wish to perform their work with scientific understanding, and not merely 
by rule of thumb. The best practice in any branch of applied science is 
always that which is based upon knowledge of principles.^ 


PROPERTIES AND APPLICATIONS 

♦ * ® 

1. Properties. Electro-deposited oopper varies in properties according 

t^he comditions of deposition. It varies in colour from bronze to sj^mon 
pink. It may be ductile or brittle, s(^t or hard : it is ali&ost always 
brittle and hard when deposited fromtsolutions containing colloids, 
'^c^thae. It may be obviously crystalline in varying degree, tlfb 

unaided fye, structureless, ili microscopic aspect. The ideal of the 
plater is a deposit that is of « fine salmon-pink colour, so ductile that it 
can be bent backwards and forwards many times without splitting, and 

[^^tt and smooth in aspect and without visible structure. The electrical 
'‘^and thermal conductivities of the metal are high ; that 1*$ why it is so 
frefjuently uSed as the Conducting material in electro-technical worS and * 
In aeroplane metihanisms.^ 

2. Applications. It is unnecessary to consider .the applications of 

^ rar*h«i^ informaAion will be found in W. Borcher’s Electric ISmelHng and Reining? 
1904, pp. 184 et (Griffin.) 


Ill 
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copper deposition here. Something has already been said about them ^ 
and the practical applications of the process that have been recently 
haade are fully described in C. W. Denny’s little book.^ 


COPPER-PLATING SOLpTIONS 

The operator has one of two general objects in mind when engaged 
in the electro-deposition of copper. One of these requires only a thin 
deposit ; the other necessitates a thick one, and one only to be acquire'd* 
by continuous deposition over ^ considijrable length of time.® In the 
former case, the object is u^aaHy to provide^ome other metal — iron, 
very often — 'mth a coat of aynetal (cdpper) which can, by a simplK; 
process, be treated so as to make the iron article^ more presentaWe. 
SometHng has already been said about this object of copper deposition ; ^ 
and it has been indicated that to carry it out, the alkaline or cyanide of . 
copper bath is usually employed— in the case of iron, must be employed. 
In the latter case, the number of purposes for which thick deposits are 
required is very l/irge. A somewhat rhick deposit is required in electro- 
typing work ; a still thicker one is often necessary in engineering work, 
as, for example, in “ building up ” work ; and in such processes as the 
manufacture of printing rollers by electro-deposition, as, for example, in 
ffie ElAiore process very thick deposits of copper are formed. In all 
cases where a thick deposit is required, the sulphate of copper solution 
should be used : except in a few cases it must be used, for the cyanide 
bath will not answer the purpose. Two types of solutions used for the 
electro-deposition of copper must, therefore, be considered, namely, the 
“ alkaline ” and the ^*acid.” Of these, the latter is by far the more 
important, and will receive the larger share of attention here ; but 
attention will, be given to the alkaline bath, since this is, usually, 
badly neglected both in text-books and in workshop practice. 

The Alkaline Bath 

ChevreuVs Salt. The solution 's/hich the author very strongly recom- 
menck is one made with a chemv-al compound known as “^hevrenli*? 
Salt.” He is so convinced of tbe superiority of this salt over all others 
' for the purpose of making an alkeline copper bath that the properties of 
^he saTr'and a simple method of preparing it will be described.* 
compound is so called because it has be^n thought to have' been first 
discovered by M. Chevreul, a distinguished French chemiit. This idea 
is not accurate, for, though Chevreul investigated the properties and 
composition of the salt, and published a full description of Ids work vn^ 
1812^® he himself says that it was first made by MM. Four^Toy and 

1 In Chapter I, ^ 

• Electro-Deposition of Copper ^ 1921. (Pitman.) 

•The Gtermane diBl<mguish tetween Oalwhoategie and Galvanoplastikt the former 
,,relatiig to the production of thin deposits. 

* Chap. I., p. 6. ' 

An^. Chim., 1812, vol. lxx|^iii. p. 181. 



COPPER 


118 


yauquelin. Its properties, and those of several other like compounds 
were studied, much later, A. Etard.^ G. Langbein claims to have 
introduced the salt into the copper-plating industry : ^ whether this 
claim is justified or not, its use in cyanide solution was advocated as 
long ago as 19^6.® 

1. Prejpa^ation of the salt. The method by which Chevreul’s salt can 
be made, simply and by aftiy one, from materials already in the plating- 
shop, is as follows ; Dissolve 1 lb. of copper sulphate crystals in J-gal. 
of hot water (60° to 70° C.^ in an enamelled iron or stonewto vessel, 
and add the hot solution, gradually and stirring the while, to l-J lb. of 
•sodium sulphite dissolved inChot wat^r contained in a similar vessel. 

A dark red crystalline ^lid separates.' ou^, which should be allowed to 

^jettle. The supernatanl\iquxd is then , "siphoned or poured off, and the 
copper salt washed two or three times with hot water. The salt need not 
be dried : it is sufficient to store it in a tightly-corked stoneware jar. 
The yield from each pound of copper sulphate will be about oz. of 
Chevreul’s salt. The actual composition of the product obtained upon 
mixing copper sulphate solution (with one of sodium sulphite depends 
upon the conditions obtaining ^and, especially, upon temperature.^ 
Chevreul’s salt will be formed under the conditions given, but if the 
temperature be much tDo high (or much too low) another sulphite or 
mixture ^?f sulphites may be formed. The precipitate will then have a 
different colour ; it may be pink or yellowish-red, and not dark 
If such a separation occurs, it is not a great matter from the plater’s 
point of view, because, when the salt is dissolved in potassium cyanide 
solution (vide infra), the resulting solution will not be materially different 
from that obtained if Chevreul’s salt alone had been employed. The 
conditions given for making the salts should, however, be adhered to as 
nearly as possible. 

2. ^ Properties of the salt. Chevreul’s salt is a dark, red crystalline 
substance. It will become oxidized to sulphate in moist air. It dissolves 
easily in a solution of cyanide of potassium, a slight evolution of sulphur 
dxDxid^ gas (^Og) occurring. In the trade it is called by various names — 
for instance, red coppir, sed copper sulphite, and sometimes, but wrongly, 
cuprous sulphite — as well as Chevreul’s salt. Considered from the 

^hemical^point of view, it is a doubly sulphite of copper, and its cj^mical 
name is cuproso-cupric sulphite. Its chemical formula is CugSOg, CuSOg, 
2 H 2 O, and it contains 49-3 per cent, ocpper (metal).® • 

' t As has been done in the cases of the plating baths f or^^ositifig 
metals' already dealt with, tlfe Cyanide of copper bath will be considered 
in relation to its composition* electrode reactions, and practical operation.* 

V 

^ Compt. rend., 1881, vol. xciii. p. 725 ; ibid., 1882, vol. xciv. pp. 1422 and 1476 ; 
ani^ ibid., 1883, vol. xcv. pp. 89 and 137. 

* Electro-deposition of Metals, 1909, p. 327. 

Brass Wxtrld, 1906, vc^. ii. p. 199. 

• * Just as doe^tliC composition of copper carbonate, vide S. U. Pickering, Journ. 

Chem. Soc., 1909, vol. xcv. p. 1409, and H. 1). Dunnicliff and S. Lai, ibid., 1918, vols. 
cxiii. and cxiv. p. 718. * , 

* The percentages of copper in other copper salts are : copper carbonate, v^es, 49 
to 61 c^per %ulpfiaie, 26-46 ; copper Tiisalt or Trisalyt, 2i*2 ; cuprous cyanide, 71 • 
(Broohet) ; coppir potassium cyanide, 22*4 (Brochet) 

• 8 
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(a) Composition and Working Conditions 

^ 1. Composition, The components should be in the proportions : 
7 oz. of cyanide of potash .(98 .per cent, white, or 95 per cent, grey) ; 

oz. of Chevreurs salt ; and 1 gal. of water.^ Dissolve( the cyanide in 
some water (hot, but not boiling), and then add to the solution tne copper 
salt, little by little and stirring continuously, and, finally^ add the re- 
mainder of the water. The brown insoluble solid which often separates 
is a complex cyanogen compound (called^ in the text-books “ para- 
cyanogen **) of unknown composition. It is very light and, though 
bulky, does not amount to much in weighj. It is useless, and should be 
filtered (or otherwise removed,) f^om the solution before this is poured' 
into the plating vat. The composition of ^his l^th, though it cannot be. 
described as simple, notwithstaiijiing that the number of the original 
components is but two, is simpler than any other cyanide of copper bath. 
The Chevreurs salt supplies the metal : it also supplies sulphite, which is 
a useful substance in a cyanide bath. The potassium cyanide is necessary 
to bring the copper salts into solution ; it also serves as a “ conducting 
salt,’’ and to bring the copper anodes, into solution. Schlotter goes so 
far as to say thah sulphite is essential {wesentlich) in the bath.^ He 
describes one of its functions as follows : ‘‘In the course of the process ” 
(of electrolysis) “ a green layer forms on the anodes. This is probably 
cy.T)ro-cupri-cyanide, and it offers an enormous resistance to t£e passage 
of the current. The formation of this layer is more easily avoided by the 
addition of sulphites to the bj;th, and more easily dissolved when it is 
present.” Brochet says ® that the sulphite acts as a reducing agent 
of any copper present in the cupric state, itself being oxidized to sulphate. 
This may be tru(5;, and probably is so to some extent, but Sch] otter’s state- 
ment probably expresses the most important function of the sulphite : 
this is — in plain language — to keep the anodes clean, and it certainly does 
so in fact.^ • 

2. Working conditions. The specific gravity will be about 9° Be. 
at ordinary temperature : it should be kept between 9® and 11® B6. 
Current density should be 3 to 4 amp./ft.^ Temperature of the solution 
should not be belpw 65® Fahr. (about 18® C.). If convenient, the bath 
should be worked at about 120® Fahr. (about 49® C.), since the higher 
tempehkture<aids both the conductivity and the chemical action ot solutidn ' 
gf any salts separated on the anodes. Agitation. It is not usual to employ 
agitatiq^jn the case of the alkaline copper bath ; but, as Brochei^has 
said, it is much better to do so, if possible. ^ '^od movement is s.ufficier&. 

«- 

{b) Electrode Reactions ^ 

Not much is known about the reactions that occur during the ele(5 
trolysis of the Alkaline copper bath, and such information as is awailafele 

t *■ ■ » ‘ 

^ Of. baths given by G. Langbein, op, cit., p. 327. W. Pfanhauser, Oolvanotechnih, l 
p. 378, and A. Brochet, Oalmnoplastie, p. 203. F. C Mathers uses k>dium cyanide in 
place of the potash salt, cit.. Note 6, p. 116 pok. 

* O^lvartostegie, 1910, Teil 1, p. 137. * Op. cU., p. 199. 

* Another possible function is mentioned by Steinach-Buchnei'- in Die ^Ivf^nischen 
MtUUnied^sMige, 1896, p. 106. , 
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•does not usually find its way into text-books on electro-deposition. 
Copper is deposited at the cathode and dissolved from the anodes, but in 
neither case is the current efficiency very gqod in workshop practice. *tt 
is not known whether the deposition of the copper is the result of primary 
or secondary action. A. Classen’s view ^ is that the separation of metal 
is a secondary reaction — one, that is, of the type already seen to occur 
{according to Pfanhauser* in the case of the deposition of nickel from the 
double salts bath.^ Clas^m says : “ Thus we may assume that the 
jsolution contains some of the complex compound K 2 [Cu 2 (CN) 4 ]i which 
dissociates according to the scheme 

* Kj[c^,(CN4];i!:2^+ tCu,(cn)4- 

During the electrolysis of the solution; the K+ migrates to the cathode 
and is discharged there, whih*. the Cu 2 (CN) 4 “ ““ migrates to\vards the 
anode. The Cu2(0N)4, however, cannot exist as such when the anion is 
discharged, but breaks down into cuprous cyanide, Cu 2 (CN) 2 , with evolu- 
tion of cyanogen gas (CN) 2 . Then the cuprous cyanide would be precipi- 
tated were it not for the ‘fact thal potassium cyanide is being formed by 
the reaction about to be described. At the cathode, ’uhe potassium that 
is set free reacts upon undissociated complex salt and liberates copper, 
which is deposited upon the cathode ; at the same time potassium cyanide 
is formed : , 

2K-hK2 [Cu2(CN)4]=2Cu+4 KCN. 

This regenerated potassium cyanide dissolves the cuprous cyanide that 
has been formed at the anode.” This explanation, similar to the old one 
of the separation of silver at the cathode from the nilver potassium 
bath,® may or may not be correct. It has, at any rate, these advantages, 
namely, that it offers a rational and reasonably probable explanation of 
the phenomena, it has never been shown to be wrong scientifically, and 
it explains *the facts of observation so as to allow the operator, cognisant 
of them, to control his bath. The alternative views are as complex as 
the salts in solution. They appear to be based largely on the work of 
Spitzer ; * andj^in shfirt; seem to depend upon the idea that copper ions 
are supplied t(? the cathode as the fesult of the breal-up of a complex 
A.,mon, Cd(CN) 2 “, existing in the soliJtion, thus : 

Cu(CN) 2--^2(CN) and Cu+— ^Cu+0. 

ufit^thos^e who are prepared to allow of this idea for cop'ijSr^ requfre 
something different in the ^actly similar case of silver, in which case 
they say that the process of cathode discharge is not Ag+-^Ag 4- 0, 
discharge, that is to say, of a positively charged cation at the cathode — 
a process one can understand — but Ag(CN)2"-5^Ag+2(C^) “+0, which 
m^ns that, at the cafchode, a negatively charged complex splits up into 
negatively charged (CN) and neutral silver atoms. Unless the one 

^ Quantitative Analysis by Electrolyses (trans. by Hall), 1913, pp. 47 and 48. 

* Chapter IV., p. 33 (Reaction iv.). • 

* And dpe ta W. Hittorf. 

* Zett, J. Elekirochefnie, 1906, vol. xi. p. ^46. 

* Vide A. J. Allmand, Principles of Applied Electrochemistry 1 1912, pp. 120 and T26. 
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expression given for silver is intended to represent the equivalent sum» 
o£ the two given for copper, it is not easy to imagine the mechanism 
whereby silver becomes deposited. Those who hold this alternative are 
obliged to speak of reactions following one another at inj^te speed in 
order that their explanation may hold : indeed, though the matter cannot 
be thrashed out here, the author is much inclined to think ‘that theory 
has run wild in the case of cyanide baths.^ Al an instance of academic 
theoretical deduction, the following instancy may be cited. After con- 
siderable argument about what are called cathode (or electrode) potentials,, 
it is said by one author : 

“ We see therefore that even low current densities large quantities* 
of hydrogen must be evolved siihultaneojasly Aith the copper deposi-^ 
tion. . . . The experience of th^ electro-plater corresponds fully with 
these results. Although the current density is low (0-? amp./dcm.^) yet 
the deposition of copper is accompanied' by a violent gas evolution.” ^ 
As a matter of fact, violent evolution of hydrogen is not a common pheno- 
menon of the alkaline copper bath when properly worked in the shop, 
though considerable evolution may 4^d doesc occur in cases where a 
great excess of potasrium cyanide is present. Deposition of copper proceeds 
in the bath given above with very little evolution of hydrogen ; and as 
regards the brass-plating solution, based on the double cyanides of 
copper 2 ^nd zinc, and, therefore, analogous to double cyanide baths of 
copper and of silver, Dr. Gore ^ says that if ammonium tartrate is 
added to the bath “ evolution of hydrogen may usually be avoided, 
or should it, nevertheless, take place to a slight extent, it may he 
entirely stopped by the addition of some cupric ammonide.” And Dr. Gore 
states that continuous deposition can proceed and thick coats of 
brass be obtained then : the practical man knows that thick solid 
deposits are only consistent with good efficiency, which, in turn, is 
consistent only with low^ hydrogen evolution. Spitzer’s figures and 
those of Brunner * for silver solutions, and C. J. WernTund’s ® for 
zinc cyanide baths, prove that, as a rule, reasonably, and, sometimes, 
quite good efficiency can be obtained with cyanide baths, when WOrkftig 
under proper conditions ; and F. C. Mathers ® has^shown that a bath he 
composed gave 100 per cent, efficiency at both anode., and cathode. 
Such efficieiwjies are not consistent Vith copious or violent VvSlution 
Jiydrogen, but are obtained in workshop practice from baths that do not 
CQnt^ii^,^ excess of cyanide of potassium, which undoubteffiy increases 
the evolution of gas. It must be added tjhqit such high yields a^ MaxiJietS 
obtained are not the rule in practical work/ but the fact that they can 
* be obtained, and at current densities, too, about twice^ as high as that 
usually employed with the alkaline copper bath, shows 'that any theory 

^For further information (in respect to silver potassium cyanide solutions) "the 
following references may be consulted : H. Banneel, Zeit. /.i^leifcfrochew.,,190o, vol^ix. 
p. 7B0, and F. Haber, ihid., vol. x. p. 773. Allmand, op. cit.^ summing up the authorities, 
says this view is “ very probable,” but that is as far as he goes. 

* Allmand, op. cU.^ p. 312. • 

* EhUrometallurgyy p. 284. 

* 1^8. Drea., 1907. , 

Wrartn. Am. Electrochem. 8oc^ 1921, vol. xl. p. 267, 

* Ibid.t 1918, voL xxziv. p. l^i. 
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'that leads to the remark^that “ large quantities of hydrogen must be 
evolved along with the deposition of copper ** is faulty somewhere. Tjie 
author, therefore, prefers, as a working hypothesis, and in the absence of 
any certainty the former of the views mentioned ; it is simple, and one 
that can be consistently applied to all cyanide baths. But it must, of 
course, be recognized that it is but an hypothesis, even though it enables 
one to exercise an intelligent control of the working of cyanide solutions. 


(c) Operation 

• ” . . . . 

Table VI. indicates, in conveniejjtt form, some of the defects (or 

^ “ troubles '’) met with \l1en5working with the cyanide of copper bath, 
the causes of them, and ^e remedies ii is necessary to apply. 

It has to be always remembered that cyanide baths are unstable, and 
changes in composition are the more rapid the higher the temperature at 
which the bath is worked. Moreover, the anode efficiency is not nearly 
so good as it is in the case of the |icid bath. As a consequence, frequent 
additions of chemicals h^ve to be made, including salts containing metal 
(copper). As regards the content of free cyanide, MaKiers has found that 
very little is necessary maintain the anodes in a clean condition. The 
best way^to provide for the addition of metal salts is to make a strong 
solution of potassium cyanide, warm it up to about 120° Faiir. in ^n 
earthenware vessel, and add to it as much Chevreul’s salt (in a moist 
condition) as it will dissolve. This should be done either in the open air 
or in a place where there is a good draught : it must not be done in a 
closed room. To aid solution of the salts, this, if dry, should be made 
into a paste with water ; if this is not done, the dry paffcicles of the salt 
will be surrounded by films of air which will prevent ready solution by 
the cyanide. When the saturation of the cyanide by the Chevreurs 
salt ii coip,pleted, the solution should be allojjsred to cool somewhat, and 
then, after settlement of any soli^ and insoluble matter that may have 
separated, siphoned into a clean carboy, and kept as stock solution for 
addition, when needt^l, to the plating bath. Care should be taken that 
anodes are cleaned once a day at least. They should not be allowed 
to remai]}. in che solution when this ^ not at work ; for, if they are, they 
'will almost certainly become “ furrea ” or “ choked ” by a coat of some 
complex compound formed by the acifon of the components of the batj^ 
kfupqjy^em. Another master of importance is that if iron 
a'te used for heating purposes, ^nd these are in the solution, as is often 
the case, these pipes must te .insulated and not allowed to become in 
direct or indirect; contact with the rods or the tank holding the solution.^ 
The tank, too, ought to be insulated. More than once the author has 
fdlmd ^at the complaint of slow deposition was due 4o the fact that 
tl^ sides of the tankfwere getting the deposit instead of the wouk. It 
►the bath recomnfended above is employed, there is no reason why a 

0 

^ Cyanide solutions are nearly always contained in iron lianks. This has become 
common fwactiae, b«t it is not good practice all the same. If tanks insnlated*on the 
inside were nsedf many of the troubles ana much of the waste met with in tke cim^ of ' 
alkaline baths would be avoided. ' 



118 


MODERN ELECTRO-BLATING 


wooden vat, lead-lined, and match-boarde4,,pn the inside, should not* 
hp used ; but, in this case, care must be taken not to let the temperature 
rise above about 80° Fahr., and, further, care must be taken as to what 
arrangements for heating are employed. 

TABLE VI 


Defects op Copper-Plating (Cyanide Bath) 


Defect. 

Clause. 

< 

Remedy. 

j 

1. Slow deposition . 

r 

1. (a) Bath pool in metal 

\ 

« 

(h) Too miicli cyanide. 
This will l)e ifp])ar(‘nt 
from a too clonn 
n]>poarance of the 
arnxles and from a 
too ( opiousevolution 
of gas (hydrogen). 

IMa) Add some cyanide of 
f potassium solution, 

saturate^ with Chev- 
Ttiul’s salt. This 
sliould always be 
kept in stock in a 
(iarboy. 

(b) Add Chevreurs salt. 

« 

• 

2. Low metal content . 

2. This is d^e, espec ially, to 
inecjiiality of a node' and 
cathode efficiencies.whk h 
in turp IS very often due 
to laj’^ers of non-conduct- 
ing and insoluble' slimes 
on the anodes. 

2. Clean anodes. Add potas- 
sium cyanide or sodium 
sulphite. Remove an- 
odes from the bath and 
clean tliem at the end of 
day’s work. 

t 

3. Bine deposits on 
anodes. 

3. Formation of cupro-cupri- 
cyanidc. * 

3. Add sodium ' sulphite. 

Scour and clean anodes. 

• 

* 

4. White deposits on 
anodes. * 

4. Formation of cuprous cy- 
anide. f 

( 

4.*’A<fd potassium cyanide. 
Scour an(\ clean anodes. 

c 

j6. Solution a blue 

5. Insufficiency^*! evanide. 

‘ t, ’ 

5. Add potassium cyanide. 

« • ^ . 1 

6. Blisters on deposit . 

6. (a) Low metal conten'i. « 
(6) Too much cyanide. 

(c) Too high current den- 
sity. 

6, Remedies for all those 
causes t^rc obvious. 

Cl 

« 
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The Acid Bath 



(a) Compofiition 

stated, the twcucompohents of the acid IbatK ar^ copper 
“ blue vitriol^’ of commerce) and suli)huric acid (oil of 
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vitriol). Proportions that ^prill serve many purposes are : 2 lb. sulphate 
(free of arsenic), 6 fluid oz. of acid (1*820 sp. gr.), and 1 gal. of watey. 
The sulphate may be good commercial salt, and the acid should be 
pure white vitriol ; the latter must not contain such impurities as iron, 
lead, and arsenic, which are often to be found in impure and cheap acid. 
The composition given abpve is that of a, so to say, standard bath ; but 
it may be necessary, in specific cases, to add more of either or both 
components. For instance, Cowper Coles used as much as 10 per cent. 
t)f acid in his bath for depositing copper on rotating cylinders.^ 

• » 

•(&) Worhing Conditions 

The specific gravity o? a bath of the composition given will be 14° 
to 16° Be. Current density may be from 10 to 15 amp./ft.® in “ still vat ” 
work, and 15 to 20 amp./ft.^ with agitation. E.M.F. varies with the rod 
distances, number of anodes, and temperature, among other things. At 
9-in. rod distance, 2 to 3 volts is u^sral with a full load of work. Anodes : 
good commercial metal (^uarant(®ed free of arsenic and sulphur) should 
be used. Electrolytic copper, though purer, often cau:.es trouble through 
not having been properly heat-treated. Agitation: rod movement at 
least shop Id be used. Another good method of agitating the solution is 
to employ a suction and force pump driven by a small motor. Agitation • 
by blowing in air— a common practice — is b 'd. 

(c) Operation 

The acid bath is commonly considered quite simple* to work. It is 
easy enough to obtain copper deposits from it, but to obtain deposits 
that are really such as are, or ought to be, sought is not by any 
means the, simple matter it may seem. It i% in the caSe of this bath, 
very necessary that the operatin' should know what physical and 
mechanical properties he requires the deposit to possess, and suit the 
conditions of deposition to the formation of metal having these pro- 
perties. This f^quires skill and knowledge and mucle more care than is 
usually given. It has been stated jfy C. W. Denny, ^ regarding a parti- 
cular case that : “ the process, which is comparatively simple, requires 
a skilled depositor to take care oF the innumerable details which 
study and attention if successful results are to be^^obj^i* 0 (^ 
This is true in general, and«not in this or that particular case merely. 
The operator must keep a careful eye on both the macroscopic aspect of 
the deposit and the wear of the anodes. He must keep the current density* 
z,nd the composition of his bath approximately constant ; and he mast 
kSep tk§ bath clean and free from floating matter. IV is always good 
pActice top keep plating baths clean : it is a sine qua non where a*thict 
deposit is requited. One and a principal source of floating particles is the 

• 

^ Trans. Far. Soc., 1905, vol. i. p. 22.S. The solution used by Coles was : Copper, 
sulphate, *82 ot. ; sftlphate acid, 12*6 oz. r, water, 1 gal. (vide Jour, I.E.E., 1^0, vol. 
xxix. p. 276). • 

• Electro-deposition of Copper, p. 56 (Pitman). 
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material of the anodes, whether this is electrol 5 ^ic copper or^rdinary 
qpmmercial metal. When the former is used, it is not infrequent to see 
the anodes covered with a loose, powdery material, which becomes de- 
tached and floats in and on the surface of the solution. This is a copper 
dust, formed through the disintegration of the anodes. These consist 
of very small crystals, ^ which are attacked along their junkions during 
the electrolysis of the solution, and become separated from one another. 
Proper heat-treatment would have prevented this ; but if this has not 
been given to the anodes, such a dust as has been described will be formed; 
On the other hand, anodes of ordinary copper contain impurities which, 
as the anodes dissolve under (the action of the current, are left as and 
form a sludge on their surfaces, an\i this slydge^S always liable to become 
detached. The way, and the only way, to avoid the troubles caused by 
floating particles derived from the anodes is to interpos6 a filter or strainer 
between anodes and cathodes. This can ‘be done with ver little trouble. 
Thus, either the anodes can be enclosed in linen or fine canvas bags that 
more or less fit them, or a screen ca 7 i^.be formed by stretching a piece of 
linen, or the like, over a wooden frame, and fixing this simple form of 
filter in front of the anodes. Very little ingenuity is required to devise a 
suitable and simple means of preventing anodj detritus from reaching 
the work. Any trouble taken will be well and surely repaid. The author 
i^ not advocating anything elaborate or unpractical : he is suggesting 
to others that they should do what he himself has, many times, done in 
workshop practice. Floating particles are due, too, to allowmg vats to 
remain uncovered when not at work, or allowing assistants to “ sweep 
up ” while the vats are uncovered and without previously watering the 
floor. And, thirdly, they may be caused by stirring up the sludge at the 
bottom of the vats either during agitation or when adding salts or acid. 
The depositor must take care to remove at once any articles (especially 
iron ones) that drop int^ the solution; this precaution is of special 
importance in the case of the acid copj)er bath. A number oAhe defects 
met with when working the bath, and their causes and«remedies, §re 
pointed out in Table VII. This form of presentation is more convenient 
and simpler than Retailed description. • 

• 

(d) Electrode Reactions 

a(^ copper bath, though lipparently^ so simple in Qomp^s^iqu-, 
has been ^e subject of much scientific investigation. The reaiut of it 
all is that, even to-day, there is some c^ifi^rence of opinion as to what 
• exactly the electrode reactions are. A full discussion of tlje position would 
be out of place here, nor is it necessary. What is especially needful k 
that a competent operator, or one who has to supervise the prpoess*of 
f oppor deposition, should be able so to visualize iSie ‘mechanisnas of ^e 
reactions at anode and cathode as to be able, with consideuable knowledge, 
to control his baths with confidence. Ejw-ct and complete information is 
not a j^ecessity for practical purposes, even if it could be attained. Advan- 
tage will be taken of the opportunity here offered to dongMer*51dctrode 
^ Cf. Steinaili and Buchner, op. c»l., p. 128. 
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TABLE Vn 

Defects of Copper-Plating (Acid Bath) 


• 

Defect. 

.1 

Cause. 

Remedy. 

1. Rough deposit, 
surface gritty or 
covered with out> 

* growth, lumpa, or 

warts : • some- 
times scored. 

1. l^ioating Particles. {Vide 

alsg 6 infra.) 

% 

2. (a) Too little free acid. 

( 6 ) Need for agitation. 

( 0 ) Too kittle metal (cop- 

p(‘r) : bath too dilute. 

• 

1. Filter solution and keep 
it clean. 

2. Sandy deposit, 
surface fairly 
smooth, of toarse 
grain, but not 
obviously cry- 
stalline. 

2. Remedies are obvious. 

3. Crystalline aspect . 

3. If the composition of the 
^ bath is correct, then a 
crystalline (especially a 
coarsely crystalline) as- 
pect shows that agita- 
tion or increased agita- 
tion is necessary. ^ 

3. Remedy — obvious. 

4 

4. Dark or red colour 
— especially at 

edges and cor- 
ners, The colour 
14 should be salmon 
^ink and uni- 
form. * 

4. Too much current. 

4. Lower current, or agitate 
if movement has not 
been used. 

1 

• • 

6 . Dark colour over 
general surface, 
together '^^th a 
« rougki ^Hltface. 

Too little free acid. The 
•acid prevents the forma- 
tion of cuprous oxide at 
the cathode t cuprous 
oxide has a dark colour, 
and, becomingeftangled 
in the deposil, makes 
this rough. 

• • 

6 . Add acid — carefully. 

• 

is. Black or brown 
streaks, * 

• % 

6 . Impurities in the bath, 
e.g., and especially Ar- 
senic. 

\ 

6 . Suspect anodes and acid 
u^. The only remedy 
is “ working out ” {vide 
Tableful., col. 3, of 
Chap. VI.). Foj a 
method of detecting 
arsenic, see any text- 
book on chemical analy- 
As. The test called 
“ Marsh’s ” is a 
one. • ^ 
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TABLE VII — corUiniled 


Defect. 

Cause. 

Bamedy. 

7. Bright deposit . . 

7. Impurities — probably or*|., 
ganic matter, e.g, glue 
or resin from the wcjpd 
of the vat : sometimes 
arsenic will cause bright- 
ness. 9 

t « 

« 

7. Working out. 

' 0 

8. Pitted deposit . . 

» 

« 

8. (a) Too much ociti— taus-l 
ing gis evolution. 

N.B. — In this case 
the deposit is !ormed 
slowly, but what 
there is has a good 
colour. ^ ^ 

{b) T(X) much current. , 

JV.B.— -In tliiscasc 
the deposit will be 
<lark, especially at 
corners and ridges — 
i.e. " burnt.” 

(c) Need far agitation, 
I^ng-continued de- 
|X)sition in a "‘still 
vat ” causes the 
cathode layer of 
liquid to become 
weak in metal, and 
as a result hydrogen 
is liberated. 

• 

8. The remedies to be ap- 
plied are obvious. 

t 

4 

0 

t 

9. Brittle deposit . . 

1 

"Ti 

9. Tliis is usuallyM:lue to the 
kind of internal struc- 
ture of the deposit. 
A coarse-grained deposit 
is, in the c|8e of copper, 
usually brittle. So, too, 
is a sandy deposit {vide 
also 2 a^d 3 supra). 

• 

e 

9. The conditions of deposi- 
tion niTist be amenj^ 
and those adopts which 
• • will^ive a deposit of 

fine grain and malleable 
metal.*' Aytation is 
often lielpliiL * 

10. Hydrogen evolution 
— resulting in 
pitting and dark 
deposit. 

*■' 

• 

10. Too much current ^ni/or 
acid. The deposit is 
dark owing to intdu^on 
of cuprous oxide (CujO). 
Cf. F. Forster and Seidel, 
Zeit.Anorg. Chem.y 1897, 
vol. xiv. ]). 106. 

< 


reactions from the goint of view of whg»t is called the Electron Theory. 
What is said below in that regard is applicable not only^to the acjd copper 
ba^Ji, byt to the electrode reactions that occur in solutions salts of other 
metals. Unless the reactions are considered from that point of view, no 
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sufficiently satisfying mental picture of their mechanisms can be formed 
or one that accords with the discoveries of modern science. ^ 

1. The general way of setting out the. electrode reactions in the case 
of the acid copper bath is represented graphically in some such way as 

the following in the better text-books on electro-plating : ^ 

* 

(i) As to copper sulphate— 

Cu I SO4 

Cathode • | Anode 

I Cu ^ Cu++(S04)-“ > SO4 

(aftet discharge) * (after discharge) 

; • Cu+S04=CuS04 

(ii) As to the sulphuric f^cid >- 

. H, I SO, 

Cathode ' | Anode 

t H/ < 2 H+ (SO)4-- >864 

(after discharge) (after discharge) " 

• • 804+TI/)=H,S04+0 

* The interpretation is tliat : (a) molecules of copp«r sulphate and 
sulphuric acid split up, oji solution in water, into copper and hydrogen 
cations and sulphanions, (804) " (h) The former, being positively 

charged, move to the negative electrode and become neutralizeci there,., 
while the sulphanions, being negatively charged, move to the anode and 
are neutralized there, (c) After becoming neutralized, the atoms of 
hydrogen and the complex radicles (8O4) react chemically. Hydrogen 
atom unites with hydrogen atom to form molecules (Hg), which, under 
•certain conditions, escape as gas. The sulphate radicle Aay cause the 
copper anode to dissolve and, thus, coj)per sulphate to be formed ; or, 
as shown in (ii), it may react with water, giving rise to sulphuric acid and 
oxygeii»gas. Field says ^ “ The II ions move J)o the catlmde and there 
they turn ovf copper — ^ 

• 2H+Cu804=Il2S04+Cu.” 

He may be righli* in part*; certainly no hydrogen ga% appears at the 
cathode, w|jen the acid copper batli is^orked under normal conditions ; 
and PfantSuser thinks that hydrogen may play some such part.® 

• 2. Tii9 above schemes undoubted!^ represent a good deal of the ^ 

<>njjjy|yj|perning the electrode reactions in the acid copper bajji. 
the representation as to what b«c®raes of the hydrogen after the hydrions 
are discharged at the cathod% n^y be true at times, e.g.y if too much 
current is employed. But research has shown that they must be taken 
io represent end or general results only ; they do not represent all the 
H;ruth. They will suffice, as a minimum^ the needs of a depositor ; but, 
in tlftse days, more sbould be known of the mechanism of eleetBode 
reactions, and esp^dally those of the acid copper bath — always provided 

S. Field, The Principles of Elec^ro-deposition, 1911, p. 168. (Longmans.) This 
book is intended for use in the laboratory. , 

* Op. cit.phc. mt. Meld means— The hydij)gcn atom resulting from discharge ot the 

hydrogen mn turns tut the copper. The hydrogen do^s not do so, of course. • • 

• Die elektrolytischen Metallniederschldge, p. 676. 
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idle speculation is not indulged in, as has been done in the case of the 
cyanide bath. This requires a statement of ^;he happenings at anode and 
cathode during electrolysis th^-t is more accordant with modem views. 
E. Fournier d’Albe ^ has stated them thus for the casei>of hydrochloric 
acid — a very simple case : 

“ The H atoms ^ arrive at the negative plate, which crontains a vast 
number of electrons ^ ready to pass out of the metal into the solution on 
the slightest provocation. Such provocr tion is supplied by the H ions, 
which, having lost an electron each, are^ positively charged, and attract^ 
electrons out of the metal. When this t ikes place the positive atom of 
hydrogen becomes a neutral atom. It immediately disengages itself from 
the embrace of the water molecules whjch have clung to it during its 
charged state, attracted by some as yet mysterious force, and becomes 
an ordinary gas. As it accumulates, its pressure becomes such that the 
water can no longer hold it in solution, and it escapes from the water 
in the shape of bubbles.” 

At the anode the converse process happens meanwhile. The chlorine 
ion, having an electron to spare, lets- it pass mto the positively charged 
plate, and the chlorine atom becomes ordinary, neuiTal chlorine gas. 
In the case of a solution of copper sulphate, the copper is deficient (most 
of it) of two electrons, and the sulphate ion has two to spare. Hence, 
two electrons must pass from the cathode to the copper ion in order to 
make it an electrically neutral atom of copper ; and, similarly, at the 
anode, each single sulphate ion parts with two electrons to the anode 
plate. 

Using the modern notation, the case of copper can be represented 
thus : 

At the cathode Cu + ■•■ + 2© ^Cu H / 1 v 

At the anode (SO4)”” — 2© >(S0)4j ’ ’ ' ' 

The important thing for the depositor in the workshop is that he 
should always be picturing in his mind these electrode reactions or 
happenings. The cathode surface should be pictured as the locus of a 
vast number of electrons — units, that is, or, as one '-may say, atoms, 
of negative electricity ; and the piocess of the arrival of the copper ions 
at the cathpde, the dropping of the water molecules in som^‘v?‘ay attracted 
to them, and the actual proces* of the taking up of electrons by the* 
iops^should all be mentally conceived. The way these Reactions are 
represented on paper is of secondary inrnqftance ; it is just a r-on^^^nt 
chemical shorthand. It will be noted that consideration of the electrode 

^ The Electron Theory, 1906, p. 110. (Longmans.) 

* He means “ io?w,” not “ atoms.*^ ^ ^ * 

* “ The atom a/ negative electricity, which, like the atoms of any one e^ment^ are 
all pfeoisely of the same kind, and, so far as is known, are nq*^. divisible into smaller '',nits, 

** is termed the electron ” (F. Soddy, Matter and Energy, p. 151 (Williams & Norgate)). 

* Ou+t signifies a copper atom with two positive charges — one, that is, that has lose 
two electciifns. It is the copper ion. I’he syiubol 0 represents the atom of negative 
electricity — ^the electrofi. ( 804 )- - signifies the sulphanion — the sulphate complex (SO4) 
caning two electrons to spare. It is thus charged with two atoms of netgatira Electricity. 
Tl^ su^hanion is sometimes ^irritten thus ; (SO 4 ®®). Chapter VI. of Prof. Soddy’s 
little book will well rejiay careljil study in connection with this matter. 
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reactions from the point of view of the electron theory gives more meaning 
to such phrases as ‘‘ discharge* at the cathode ’’ (or anode) ; the mechanism 
of discharge becomes clearer and more real to the mind. * 

3. Other reactions are known to occur at both anode and cathode 
besides the simple ones just described, and they have to be taken into 
^ account. Thexe may also take place at the cathode a reaction represented 
thus ; * 

Cu++ + e — (2), 

•which reads — a copper atom minus two electrons (which is equivalent, 
electrically, to'carrying two units of positive^charge) takes up one electron 
at the cathode, and beccgnes a copper#atom minus one electron. The 
former is called a cupric iqji ; 'the latter a cuprous ion. These cuprous 
may, in their turn, be discharged, thus : 

^ Ctf^- + 6 — ^Cu ■* (3), 


which reads— -a copper ion minus cne electron (which is equivalent, 
electrically, to carrying unit positive' charge), takes up an electron at 
the cathode, and becomes an electncally neutral atom of copper. 

The ways in which these three cathodic reactions are represented in 
many text-books are somljwhat different from those given.^ The usual 
way of presenting them is : 


1. Cu ' — > 

2. Cu"— > 

3. Cu — ^ 


_L o/Ti cupric ions to metallic copper. It 
tu+2© I correspon(is to 1. 

Cu+0 cuprous ions. It corresponds 

Cu+P metallic copper. It 

^ ( corresponds to 3. 


It IS suggested that these forms of presentation ^ are not so easy to 
readj^end it can be argued that they are capable of misleading. The 
pracJic^ man heeds some shorthand way of representing what he can 
see in his mind’s eye. Tfci^ need is not supplied by this last set of presenta- 
tions it is by t®e former set. The author, therefore^ for that reason 
especially,.\iijf M many others also, prefers to follow Lehf eldt and others.® 

4. When the sulphate ions become neutral sulphate radicles at the 
&node, they attack the material (cop^fr) of it, and metal passes into^ 
The shorthand n^ithod of presenting the happenip^gs 
anode show how this solution occurs. Thus : 


Cu — 2© — > Cu++ 
Cu 0— >Cu+ 

Cu+ — 0 — >Cu++ 


^ R. Abegg’s Hai^h. df Anorgr. Chtm., 1908, vol. ii., Part 1, p. 476 (Hirzel, Lei^ig). 
Aid see T. R. Brigg’raodification of R. Luther’s theory, Trans. Am. Electrochem. 8oc., 
1921, vol. xl p. 231. • 

* Reading from right to left, one sees what happens at the anede — ^the same happen- 


ings as ar^jmt in a different way in subsection (4)? 
• Elwtro-Uhem%stry, Part 1, pp. 12 et h ^ 


b Hsq. fLangmanSj) And cf. M. le Blanc, iehrb.Jl, 
Elektrochemie, 1911, p. 13. (Leiner, Leipzig.) • 
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These may be read ; 

An atom of copper is deprived of two electrons, and becomes a cuj^ic 
*ion — doubly and positively charged. 

An atom of copper is deprived of one electron, and becomes a cuprous . 
ion with a single positive charge. 

A cuprotLS ion is deprived of another electron, and beconffes a cupric ion. „ 

When do these things happen ? And hoW does the discharge of the 
sulphanions bring them about ? These^ap questions to which answers 
have to be given : one cannot slur over them or (ostrich-like) ignore thesQt, 
It has been well said that when an author' writes with a mii^y profundity, 
it is a safe rule to assume that be is talking nonsense.^ The truth is that 
neither of the two questions just ’put can be given a rigidly exact answer-r 
scientific knowledge does not suffice. BuS a fiiental picture {eine Vorstel- 
lung, as the Germans say) of whSt may very likely haippen can be formed, 
and it is one that does not seem overdrawn. The sulphate radicles, one 
can imagine, attack the atoms of copper of the electrode, attach them- 
selves to them, and drag them into the solution, the process being assisted 
by a force already acting on the copper atoms, that tries to force them 
into the solution. Molecules of copper sulphate of this origin are thus ' 
existent, at any rate momentarily. Some of them are ionized — that is, 
split up into ions — no one knows how. In most cases the copper atoms 
are deprived of two electrons (formation of cupric ions) ; in a few, of only 
''one (formation of cuprous ions) : in certain circumstances an atom already 
deprived of one electron wi\\ be deprived of still another (formation of 
cupric ions from cuprous). The answers will be, then (on this view), that 
the sulphate radicles (the discharged sulphate ions) bring the copper 
atoms into a medium in which the two are then, many of them, separated* 
again — perhaps by the actions of the water molecules.® Only now, after 
separation, the two parts of each molecule are charged, because, on 
separation, the copper lost two electrons, and the sulphate radiclo gained 
two. This view of the mechanism of the anode reactions suffices to enable 
the operator to understand better the end result that occurs at the anode, 
namely, solution of copper. Their final representation has already Ibeen 
given. ^ ® 

The foregoing discussion of thf electrode reactions that occur during 
electrolysis of the acid copper bal^h is not of academic iRCbfest merely. 
The author has found knowledg'^ of the facts enclosed in it of great us<^ 
■jv.the workshop, when face to fKce with difficulties that Qccu^in daih^ 
practice. '^Tor the sake of clearness, ancji by way of summary, k; mSy^th 
advantage, perhaps, be again pointed 9 ut|— -(a) That a knowledge of the 
reactions as set out in sub-section (1 ) above is sufficient, as a hare minimum, 
for the practical man, or, better said, for workshop practice ; (6) tliat 
when these are considered from the point of view of the electron th«ory<i 
the^tual mechanisms at the electrodes become<.more vividly ^ortsayed 
to the mind ; and (c) that the presence of cuprous in the solution 
has to be kept in mind, and taken intojaccount. 

t 

^ A. N. Whitehead, Introduction to Mathematics. (WilliaTns &^org§<^.) 

• The so-called electrolytic solvtion^yresaure. 

• Vide G. D. Hinrichs jView, Chapter II., p. 17. 
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It is very probable that what has been said does not exhaust, even in 
outline, the subject of electrode reactions in the acid copper bath. It is 
certain that there exist in this bath, as usualljr employed, complex anion^ 
of the type (HSOJ as well as the sulphamons, (SO4) - “ ; and A. Hol- 
lard’s work on tne conductivity of mixed electrolytes shows that other 
complex ions ^^t in the bath.^ But it is unnecessary, except where one 
intends to undertake pure research work, to be concerned with the minor 
or exceptional reactions : the n^ain ones are those of importance to the 
practical man. 

* * STRUCTURE „ 

The consideration of ^the structure* of* electro-deposited copper is 
dealt with in Chapter XL ip connection with an outline description con- 
cerning the structure of deposited metal in general. It may, however, 
be noted here that Structure is of^very great importance, for it has been 
^definitely established by the experimental work of Kiliani,^ von Hubl,® 
Forster, and Seidel * and others, that the properties of the deposited 
copper depend upon its structure. aiM^these, in turn, upon the conditions 
of depositions. 

^ La Theorie da/i Ions, pp. 200 of. soq. ( Gauthier- VillavH, Paris). Roe also R. Abopg, 
op, cit,, p. 545. The article on*(;op]H'r, contained in Abc^g’s handbook and written by 
prof. F. G. Dcwinan, is a masterpiece of scientific writing. It contains, too, a full list 
of references to original rescaKdies carried out on tlie acid copper bath. 

® Berff und Hutlcnmmnische Zeituwj, 1885, p. 249. 

* Mitt, de.9 k. u. k, militorgeog. InsL, 1886, vol. vi. p 51. 

*■ Zeit. f. Elektrochem., 1899, vol. v. p. 508. 



CHAPTEE X*I 

THE STRUCTURE OF ELECTRO-DEPOSITED METAL . 

' 

I N the previous chapter ^ advantage was taken of a favourable oppor- 
tunity to introduce the modern view of* electrolysis — ^that is, th^ 
view that makes use of the electron theor;^ and the present-day conception 
of the atomic nature of electrimty, foreshadowed by Helmholtz in his 
Faraday lecture before the Chemical Society in London.^ The purpose 
of the present chapter is to consider the structure of 'ulectro-deposited^ 
metals. In doing so, greater promji^ence will be given to the structure of 
copper, since the structure of this^ metal has been more thoroughly 
investigated thg^u that of other deposited metals. * 

I 

CRYSTALLIZATION 

4 

It is now a matter of almost general agreement that electro-deposited 
metal is, with few, if any, exa3ptions, crystalline material.® So abundant 
is the evidence for this view, and so general is it, that it would not be 
profitable to discuss the matter here. Deposited metal being, then, 
crystalline, tlie laws of crystallization that govern the formation of 
crystals of other substances, such as salts, igneous rocks, and metals 
as formed in ordinary metallurgical processes, may be expected to hold 
in the case (3 metal foimed during electrolysis. An attempt hl's been 
made elsewhere to work out the validity of that idea, and, in illustration, 
the structures to be found in deposited iron were considijred.* Brqadly, 
it may be said that the two factors which determine the struc^ure of a 
crystalline massi are (1) the formation of nuclei, and«^) crystal growth. 
A crystal must have an origin it space. This is usual^ r,ef erred to — 
somewhat* indefinitely — as a nucleus. The nucleus, of,' better, the 
^ embryo, is really the initial and tnit aggregate of atoms arranged spatially 
tSTrin orijpred manner by the so-called “ forces of crvst^lizatic ^ j* lo 
forms a centre of growth. The greatei tke number of embry«;s formed in 
unit time in unit volume, the smaller the grain-size of the crystalline 
mass will be when formed. If the number of embry/)s formed is small, 
the grain-size of the mass will be large. The factor, si;iper-saturation, 
governs both •formation of nuclei and also crystal growth ; ^unlei^b thli 
m^ium in which the crystal originates or grow% is super-saturateft with 
the substance of which the crystal consists, crystalli^tion cannot occur. 

^ This chapiter may be read at an eaSier stage if convenient. 

* Jowr. Ghem. Soc., 1881, vol. xxxix. p. 277. •* it * 

• Cf. F. Forster, EleUrochem. Ldsungen, 1922, p. 38^, § f. ‘ * 

* The Electro-deposifon of Iron, published by H.M. Stationery Office. 
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A word of explanation is necessary as regards the expression “ super- 
saturation.’’ One substancft, Aj is said to be super-saturated by another, 
B, when under, the conditions of temperature and pressure prevailing, ft 
contains more >f B per unit volume than it can retain in the dissolved 
state under these conditions. The difference between the amount it can 
retain under ’given conditions and that actually contained in it will be 
deposited upon slight pro^'ocation, such as shaking, sowing with a small 
crystal of B, and so on. The jolution is super-saturated to that extent. 
^ a general proposition it my be said, that the greater the degree of 
^ super-saturation, the quicker t^e deposition of the excess and the smaller 
ihe crystal grains will be. 

iNFLUENCEJiOr^THE RaTE OF DEPOSITION 
(i) S!ow Deposition 

If the foregoing statements of the laws governing the crystallization 
of substances in general be borne jn mind, then present-day knowledge 
of the facts of metal deposition enables one to understand the structures 
that may be seen in deposited metal, when this is ^examined with a 
microscope. For instance, other workers, ^ as well as the author, have 
observed that coarse-gftiined structure is associated with slow and 
undisturbed deposition ; this has been found to be so in the cases^of iron,^ 
zinc, copper, and cadmium. Slow deposition means that comparatively 
few atoms of metal are avaiUhle for the formation of crystals. Hence, the 
super-saturation of the layer of solution n^xt the cathode surface will be 
slight. In the case of salts, such a condition of things leads to the forma- 
^ tion of large crystals, and, thus, there is found to exist a» association of 
slight super-saturation with coarse structure in the cases of both crystal- 
line substances in general and electro-deposited metal. It seems an 
inevil:able conclusion that coarse (that is, large-grained) structure is 
caused by, v)r is the result of, slow deposition. If one forms a mental 
conception of, the habitants of uifit volume of the solution adjacent 
to t^i'cathodc surface, conviction becomes still greater. Such a unit 
volume is the locality <noving molecules of each of the constituents 
in the solution,, of ions of the variou^ components — influding, of course, 
metal ions^rrid of discharged ions — oi atoms, that is to say.. As regards 
,the free, discharged atoms of metal, thep, except in so far as they interact 
' with other substances, are free to unk-e and form crystal grains of 
me^M*.'* fh order that the atoms may form a crystalline embtyo, enough 
of them must come sufficiently cfose together ; and the fewer there are in 
unit volume (that is to say, the less the super-saturation), the less likely 
this is to occur. What will be more likely is that the individual available 
.atojns will come under the influence of one or other of the crystal grains 
forn^ng the, mass of tj;ie deposited metal, and, thus, that these gtfiins^ 

• ^ Cf. M. von SchvNTrz, IrUer. Zdt. f. Metallographie, 1915, vol. vii. p. 124. Also vide 
Jour, Inst. Metals, 1020, vol. xxiii. p. 6J5. 

* Vide “ Idromorphic and Hyp-idiomoi^hic Structures in Electro -deposited Metal,” 
Trans, Am, Electrochem, Soc., 1922, vol. xh. p. 317. Sieverts and Wippelmann (c^. cit.. 
Note 3, pT lOu^dihat largeness of grain #as associated with low current dei)ipity 

though some measure of agitation of the electrolyte wa^employed. 
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will “ grow,” and this grain-growth leads, of course, to coarse structure. 
It is interesting to consider when deposition will be slow or, in other 
Vi'ords, when the availability of atoms for formation of the. deposit will be 
small. It will be convenient to *do so in separate division{»^ 

Deposition will he slow in the following cases : 

(a) When the current density is small, for, in this case, the^ uotal number 
of ions liberated at the cathode per unit time i^^small. If all the resulting 
metal atoms are available, the number fee to form metal is still small ; 
but, in many cases, the whole of them ^IT not be available. Chemical 
interaction between the liberated atoinf and the. components of the 
medium surrounding them m4y opcur, as happens to a very ^eat extent in . 
the case of the alkali ^ and alkaliite earth ^ metals, and also in the cases of 
magnesium, aluminium, and others. In thtse oases the number of free and 
available metal atoms will be still smaller, and may be very small indeed. 

(b) Deposition may he slow even though the current density he great, 
or, at any rate, considerable. This is a very interesting case to consider, 
because some confusion has arisen in the past in interpreting the structures 
obtained when higher current densittes are employed. In regard to the 
observed results it can, fortunately, be said that there is considerable 
measure of agreement between those obtained by different investigators, 
working at different places and times and upon different metals. Sie verts 

, and Wippelmann published their results in 1915,® and worked on copper. 
'They found that, at low current density, the crystallites were large ; 
but, as the current density was raised, the following alternations of 
grain-size occurred. Large grains were succeeded by small grains until 
a certain limit of current density was reached, the limit varying, in each 
case, with the other prevailing conditions of deposition. After the limit, 
in any case, was attained, the grains became larger again, while, at the 
highest current density they used, Sie verts and Wippelmann found the 
structure to bOiSO irregular and broken that, it could not be interpreted. In 
the author’s recent (1922) publication on deposited zVow ^ a similar alterna- 
tion is mentioned as occurring in deposits of that metal foriped at different 
current,densities, but under otherwise the same conditions. It may, there- 
fore, be said that it has been found that increasing current density gives, 
first, coarser structures and then fin^r. If , now, coarse structure is associated 
with slow deposition (as has been suggested above), then, as fur’rent density 
is increased up to a limit, so deposition should become slower, since structure^ 
'^^omes coarser. At first appearance this seems unlikely ; but consideratioi^; 
of what happens in the cathode layer of solution alters th^ pfW,>^jicie 
impression. Suppose one has two cells side by side in which copper, say, 

‘ is being deposited, and suppose all the^ c6nditions are the same in the 
two, except that in one the current density is considerably higher than in 
the other, yet Qot very great. Then the experimental results cited abdve^ 
shojv that the deposit in the former cell will consist of larger giainsgbhan 
"■those composing the deposit formed in the latter. I^ the h*appenings in 
the cathode layers of solution be mentally visualized, one sees this layer 
• 

^ Sodium and potassium. * Calcium, barium, and strontium. 

^ Zeitf. Anorg. Chem., 1916, vol.«ci. p. 1, and ibid., vof. xciiSt p. 2671 

‘ * Op. cU., vide p. 128. ‘ ^ 
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becoming more quickly exhausted of its metal content in the cell in which 
he current density is higBer.^ Deposition of copper will, therefore, 
►ecome slower, Isince, as the concentration becomes lower, the amounf 
if copper ions Available for discharge and, consequently, the number of 
itoms of copner available for metal formation become, both of them, less, 
bid this is so, although the current density remains constant. So long 
IS the current density do6s remain at a constant value, the liberation 
)f ions must, it is true, remdrfof equivalent constant value too, as we 
Oiow from Faraday’s law. Bit the ions discharged will not be, aU of 
)hem, copper, ions. The ions .reed will be^ copper ions, plus a number 
% say) of ions other than those of copjer-^hydrogen ions, for instance ; 
ind X will increase as the* concentration and, consequently, the discharge 
)f copper ions diminishes.* In* the cell in which the current density is 
ess, the cathode layer of solution will, m this case too, become gradually 
jxhausted of its metal, but the Exhaustion will, ceteris paribus, be much 
nore gradual and, thus, although the deposit will be coarse-grained, yet 
t will be less so than that formed^ the other cell. There are several 
mplicit assumptions underlying t^e foregoing argument ; these will be 
pointed out later. The object for the moment is to sl^pw how it is that 
ligh current density may result in coarse-grained structure — structure of 
arger grain than those o? deposits formed at lower densities. This may 
low be stated, in few words, as being the result of the slower deposition^ 
)f copper at higher current densities, consequent upon the quicker exhaus- 
iion of the copper in the cathode layers of^solution. 

(c) It follows from what has been said above that slow deposition 
)ccurs when metal concentration is low. Workshop experience confirms 
:hi8. When, using the normal current density, a plater^finds that, as 
le says, “ the bath works slow,” the first thing he does (and rightly does) 
s to add more metal salts to it. 

(df, Deposition of metal will, also, be slower ^^t lower tetrwperatures than 
at higher. This results from the fact that the electrical conductivities 
of liquids (eloctrolytes) increase as the temperature rises, in contra- 
distiMolon to the cases of most metals, where conductivity decreases 
with rising tempfiraturS. The electrical result of decreased conductivity 
is that, at constant potential difference, the quantity of electricity flowing 
through th^'Sdlution diminishes. Now, the quantity of electj;icity reach- 
ing the cathode per unit time depends iipon the number of ions that get 
'‘ there, tfieir jharges, and their mobilil^^. Since the charges on the io*^ 
wilftibtlS^' affected at all afid^tljp ionic velocities very li^^le ^ the tem- 
perature falls, the number of iyn^ reaching the cathode must decrease and, 
hence, the availability of metal atoms will diminish. Consequently, 
deposition will be slower. Here, too, practical experience in the plating 

• shc^ confirmslaboratory results. It is not uncommon to^find that, after 
a hoiida;^ period during the cold season of the year, plating baths Tgork 
fcadly. The deposits are formed very slowly on the goods, and if an 

* attempt is made to increase theg^ate of worlmig by raising the current, 
evolution of gas occurs and the deposit is spoiled. As a consequence of 
deposition^bsltomiflg slower as temperature falls, one might expect that, 

^ Cf. K. Arndt and 0. Clemens, Chm. Ztg., i^22, vol xlv? 025. 
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as the temperature rises, deposition will become quicker, and, as a result, 
the structure of the deposit more fine-grained. And this certainly is the 
‘'tesult within limits. But rise .of temperature may, whefi it has become 
sufficiently great, introduce another factor — movement — which will 
partly or, in some cases, entirely, mask the effect of temperature in and 
by itself. The deposit will, in this case, appear more fine-drained than it , 
would do if the factor of deposition — ^tempe^ture — were alone in play. 
Again, temperature increases the conductivity of the solution as a whole 
and not merely its conductivity in regar^ to its copper sulphate content.^, 
This, too, may cause the effect of tempeiJiture alone to be> masked ; the 
structure of the deposit ma) become coarser instead of finer.^ Thesfe 
matters will be considered later. It is sufficient to note here that the result 
of fall of temperature should be slow dSposfbion, and that this should 
result in coarser structure. M. von Schwarz has shown that it does so.^ 

(e) Excess of free acid will cause slow deposition. In "some cases, as, 
for instance, in that of the nickel bath, excess of acid will prevent deposi- 
tion of metal entirely. An instance has been given in Chapter VI.^ 
Another sometimes occurs during the estimation of copper by electro- 
analysis. If too much nitric acid is used, the copper deposit will, at some 
time before deposition is complete, be found to redissolve, notwithstanding 
the continuous passage of the current. To prevent this re-solution, 
.urea is often added to the electrol 3 rbe as prepared for analysis * ; but the 
real preventative is to take care not to employ too much acid to begin 
with. It cannot be said that tjie association of slow deposition with coarse 
structure has been proved, where slow deposition is due to the presence 
of excess of acid ; indeed, free acid has been shown to cause diminution 
of grain-size.®*' Further reference will be made to this matter later on. 


^(ii) Quick Deposition 

Since one observes that slow deposition is associated with coarse 
structure, it is natural to suppose that the converse wiH be true, and 
that the association of quick deposition with fine-grained structliirSVill 
obtain. And, as a fact, it often does. Deposition wil^ be rapid in the 
following cases : \a) When the cu^^rent density is high and, at the same 
time, the Qoncentration of metal in the cathode layer “i^inaintained 
continuously great. The condititn as to continuous metal concentration^ 
^^Siould be noted. (6) Deposition be rapid when the Qpneentra^ion^ 
m metal ft great, provided the current (Jensity is high enougn. ^ere 
may not appear, prima fade, to be mu^h ^fference between statements 
(a) and (6). The difference is (and it is of great importance), that (a) 
tells us when high current density will result in rapid deposition, and ^6) 
when great metal concentration will do so. (c) Deposition will be rapid ' 

^ the author has found it to do in the case of iron (feposited at temperatures of 

the order 200^^ C. 

* IrUernat. Zeit.f. Metallographie, 1916, vol*vii. p. 124. 

• Copter VI., liable* II., 3rd column, sub-heading “ To detect copper.” 

* V. H. Veley, Phil Trans., 1891, voL clxxxii. p. 279 ; E. Gilchifst an^ A (Jumming, 

Tritna. Far. Soc., 1913, vol. ix. r 186. * i 

• E.g., by the author, vide T{an8. Far. 8oc., 1922, vol. xvii. p. 442. 
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also when the temperature i% high, provided it is higher than a maximum 
which varies frmn case to case. The matter will be considered more fully, 
under the paraAaphs dealing with the factors of deposition. 

A very impmant matter for remark in connection with quick deposi- 
tion is that fhe effect actually produced by each of the conditions of 
deposition which, if it acted alone, would effect rapid deposition and, 
consequently, small-graineS structure, is affected much more powerfully 
by the remaining factors of delosition than is the effect of a condition 
•causiug slow deposition. It halbeen seen that high current density may 
l^ad to coarse structures instead of fine. It will do so in “ still vat ” 
work — in work, that is to say, done in tlWJ absence of mechanical agitation 
of the solution or movement of the electrodes and, in particular, of the 
cathode. If current density could operate alone, then the higher it was 
the more rapid thel* deposition would be, and the smaller the grain-size 
of the resulting 'deposit. This fact can be noted in the structures of most 
“ still vat ” deposits, for the grain-size of the portions next the cathode 
surface and, therefore, of the portioAs* first deposited and deposited when 
the cathode layer of the ft)lution vas most concentrated, is always, in 
“ still vat ” work, of smaller grain-size than the portions formed later when 
the cathode layers are partly deprived of metal content. In such a case the 
rapid deposition brings into play powerful factors which operate against it, 
and do so to such an extent that the normal effect of high current density 
is masked. One obtains coarse structure in place of fine. It is also true 
that, as has been shown above, the effect oi temperature may be masked. 

It is easy to understand how the constant rapid deposition of metal 
will result in a deposit composed of small grains, just as rapid precipitation 
\)f a salt results m crystals of small size. Their concenVation being 
greater, in the case of rapid deposition, the discharged ions (or metal 
atoms) will have more chance of escaping the attentions of any substances 
in the solution likely to react with them, and thui render thefn unavailable 
for the formation of solid metal ; and, further, there will be fewer other 
mole^iles present per unit volume to form hindrances (as buffers, so to 
say) to t1\e tractation o^the available metal atoms. Consequently? it will 
be easier to form^Huclei ; knd the more embryo crystal are formed per 
unit volum^ t]j^ smaller the structure twill be. A diagram will help here. 



- A B 

. ropreseuts au availabk metal atom. 

0 represents one or other of the remaining eompcftients. 

A anS B represent projections on tfie plane of the paper of the c«iteafcs 
of unit volumes of two solutions. They can represent equally well unit 
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areas of the solutions at or very close to the: cathode surfaces. In A the 
«concentration of the available metal atoms is supposed ^eat ; in B it is 
small. It is easy to see that, on the whole, ^ the atomsrwill have much 
more chance to unite one with another in the solution of greater metal 
atom concentration than in the other. In doing so they wjS form nuclei, 
and will not take places in a crystalline aggregate already formed, and 
thus aid in its growth. No doubt some atoms — those, for instance, that 
pe not sufficiently near together to attetJt each other — will be drawn 
into already formed aggregates, and prol|[iote the growth of these. Thigr 
must, indeed, always happei:^ for, otherwise, the structured* would not 
visible even with the aid of the*<microscope ; one cannot see an embryo 
crystal. But, on the whole, more nuclei <will^ be formed, and the growth 
of already formed aggregates wil] be less promoted, when the concentra- 
tion of available metal atoms is great* Observation justifies this con- 
clusion. 

Factors of I)eposition 

a r 

In the foregoing the effects of sk)w and ♦'rapid deposition upon the 
structure of electro-deposited metal have been considered, and the causes 
of slow and rapid deposition stated. The causQS are factors of deposition 
that determine the grain-size of the deposits. It will now *be advisable 
. to consider them and their effects separately, for it is these factors that 
one can, to a great extent, and must, as far as possible, control, in order 
to secure a deposit possessingtthe required structure. The consideration 
of them will, therefore, be attempted, and illustrations will be given or 
referred to, in order to make the argument more clear. 

The factors of deposition that affect the structures of deposits arej 
principally, and so far as the author’s experience goes : (1) Current 
density ; (2) temperature ; (3) movement of electrolyte or electrodes ; 
and (4) the (?omposition«of the solution. These, if not thp only^ones,® 
are certainly those that exercise most action. Each is worthy of considera- 
fiion. • 

1 . Current density. The effect of increase in gurrent density has been 
stated above. The conclusions derived by Sieverts*and Wippelmann 
from their experiments upon copper (carried out, be it* with the 

employment; of a solution agitated by means of a mecnanical stirrer) 
^e worth statement in full.^ say : ''At the beginning of the elee^, 

ef^lysis th^re is always deposited a thin lay eg" of finely cryskdlwe ^iiii0tal* 
which does not adhere to iron cathoiieat^ Then V-shaped Ijrystallites 
grow out into the electrolyte in a direct’ out approximately perpendicular 
to the surface of the cathode. The magnitude of* these crystallites 
diminishes with increasing current density ; but if this exceed an amount 

I* • 

^ These words — “ on the whole *’ — are inserted to make certain qualifitations that 
4 . ma^ he necessary to the argument. One such is mentioned^n the text. 

* It has been stated by, for instance, W. D. Bancroft, that difference of potential 
affects the structure of deposits. Electrochem.Jndus.. 1904, vol. ii. p. 390 ; Trans. Am. 
Ekcirochem. Soc., 1904* vol. vi. p. 27 ; and Jour. Phys. Chtm., 1906, vol. ix. p. 277. 
See ^Iso Truns. Am. Electrochem. Soc.^ 1913, vol. xxiii, p. 266. 

* Op. eit., Zusammenfassung (1). • 

• * Tht italioB are due to the jftresent author. 

* C5f. Chapter I., p. 6. Thefelution used was the acid copper bath. 
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‘that depends in each cas^upon the prevailing conditions of deposition, 
the crystallites again become larger; at the same time the texture 
(Gefuge) beeches more irregular. At high current density all regularity 
ceases, the structure becomes “ unintelligible (or, “ difficult to read 
German ** and cracks and holes exist in the deposit.” The 
present aufebior, in his paper on iron,^ says : “ Macroscopic and micro- 
jcopic observations of trfe deposits . . . seem, therefore, to warrant the 
iollowing conclusions : (a) aI the current density rises from 60 amp./ft.^ 
JO does the size of grain uAtil — {h) a maximum grain-size is reached 
somewhere -in the region of* 120 amp./ft.^ (c) The size of grain then 
iiminishes to a minimum which liey sdhie where between 120 and 200 
imp./ft.^ (d) It again becomes larger at the highest current densities 
employed.” It is interesting to compare the results of Sieverts and 
Wippelmann wit^ those of the author. In doing so it must be remem- 
bered that, -v^hile the former were obtained from experiments' on copper 
in which the temperature did not exceed 30° C. and agitation was used, 
the author’s conclusions were deA\sed from work on iron, conducted in a 
still vat ” and at a ntuch hig^ler (but uniform) temperature, namely, 
110° C. Yet, despite these differences of conditions, the two sets of 
fesults are comparably as will be shown. The German authors agree 
with the writer upon this, namely, that as current density rises alterna- 
iiions in grain-size occur. They agree, further, in this, naipely, th^ 
increase in current density does cause increase in grain-size, though it 
may cause a decrease. But whereas th^ Germans say that they found a 
decrease to occur first, and then, after a certain maximum of current 
density was reached, an increase, the author found that, first, Iffiere was 
an ificreasey then decrease, followed by another increase.* The difference, 
then, is as to the first increase found by the author to occur. This re- 
quires explanation, of course. But, first all, it must be mentioned 
that the results obtained by W. Blum and mis co-workers ^ are in suffi- 
cient agreement with those of gieverts and Wippelmann. They say 
p. 165 ) : With low current density, especially at higher 
temperatures, the cqpper possesses a relatively coarse structure, except 
at the surface«where tile initial deposition is made^ By increasing the 
current (j^njity, particularly at lowar temperature,^ the structure assumes 
a columnar appearance, the crystals being long and finger-like. With 
still further increase in current density the crystalline structure is much 
feaF>keiyup» ...” It is to be noted*that the American authors (lik^Jpie 
German) used agitation — by compressed air ; “ agitation By mechanical 
means has not,” they say^ “•proved satisfactory ” for their baths. To 
return to the above-mentioned difference, the author believes that thft 
is solely due to the use of agitation, and that if agitation had not been 
Anployed, then the first decrease in grain-size would mot have occurred. 
Ilf other ‘words, neither Sieverts and Wippelmann nor Blum aiid ^s 
• collaborators 'v^tire, in their experiments on the efiect of current density, 
studying the effect of current density at all ; they were noting the 

1 f>p. cit., p. 16. , 

> Tram. Am. Eledrochem. 8oc., vol. xxx. p. 169. 

’ Again the author's italics. 
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combined effect of two factors, namely, current density ani agitation, * 
and, as will be shown below, agitatipn is such a powerful f^tor affecting 
thS structure of deposited metal that it often masks the e&ct produced 
by others. It has already been explained why, on increasing the current 
density, coarser structures may be expected to be obtained, as they are 
in fact obtained, in the absence of other factors powerful enough to dis- 
turb or mask the effect produced by current density alone. This is seen 
in the above-cited results obtained by thS author with iron. After a 
current density of about 120 amp./ft.^ waL reached, the grain-size was - 
found to diminish. In the autl^or’s opinion, this decrease war due to the ^ 
movement, or considerable incifeaa^ of it, caused in the bath, at aoout 
120 amp./ft.2, by local thermal changes and “ concentration currents ” 
of increased intensity, and also, probably, in sonJc degree, by the increase 
in hydrogen evolution. If this is so, thep the decreas^e in grain-size is 
not due to current density alone, but to current density c6mbined with 
the factor, agitation, just as occurred in the experiments of Sievert.s and 
Wippelmann and of Blum and his co-werkers. Only two of the probable 
causes just mentioned will be dealt with here, fend those briefly. It is 
well known to plat«xs that their solutions become warm after being at 
work at full load for some time ; and the higher^the current employed, 
the warmer they become. This is due to the combined effect of the 
clpctrical jcesistance of the solution — ^the so-called ‘‘ Joule heating ” — 
and the heat of reaction (chemical energy). The heating will cause the 
thermal convection currents to J)ecome more vigorous ; and it will do 
so whether the bath be worked at high or low temperature. It is also 
well known that the higher the current density, the greater is the liability 
to hydrogen evolution ; and R. Kremann claims that the movement of 
the electrolyte caused by hydrogen evolution is responsible for diminution 
in grain-size.^ The present author quite agrees that it may be a con- 
tributory cause • but, at t/e same time, he does not for one moment 
believe that the diminution in grain-si^e that occurs in baths containing 
some excess of free acid is due wholly to hydrogen evolutiorf. Krenyinn 
worked with iron-plating baths. As regards the acjjd copper bath, it is 
true that when a b^th of the usual constitution Is used £rad the current 
density at which the bath is usually worked is employed, then very little 
hydrogen inde^ is evolved. But when the bath is used as a “ still vat,” 
and higher current densities are eAployed, then certainly hydrogen is 
evJ^j^ed. And the explanation is simple. Tlje copper in the q^tho^e 
layer of the Electrolyte becomes quickly iis«d up and, therefore-, if the 
current density remains constant, hydrogen vdll be liberated ; and this 
^11 occur the sooner the higher the current density is. Any diminution 
in grain-size occurring in the acid copper bath may thus alsp be due to* 
movement caused by agitation occasioned by the evolution of hyc^rogeiifi 
Bo|h Sieverts and Wippelmann and the author found that after certeffn 
current densities were reached (which depended upon the general pre- 
vailing conditions and might be different under Afferent conditions), 
the graj^-size began to'increase again. The author is of opinion that this 
increase, qr, in his case, secepd period of increase, is agaiji^e the 
^ MonaU.f. Ckemiet 1917, vol. xxxviii. p. 367. 



STRUCTURE OF ELECTRO-DEPOSITED METAL 18T 

9 


close connection that exisjs between the effects of current density and 
movement. This will be further considered later in the section entitled 
'' Movement.’|i 

(2) Temperature, The way in which increase of temperature may 
affect the ske of the grains of a deposit has been considered, in some 
measure ana incidentally, above. It may help to cause a decrease in 
grain-size. But the autfior l^s found that temperature may cause an 
increase.^ Blum has also made a statement to the same effect.® The 
apparent inconsistency betw<|en the effects caused by temperature is, 
without doubt, due to the fact that this variable brings into play factors 
which may entirely mask any effect it-liy itself would produce. It is not 
easy to see how it could be otherwise, assuming that structure is dependent 
upon concentration of available metal atoms. It is not easy to under- 
stand how a few degrees— eveii a hundred— can so affect the energy of 
the just discharged and available metal atoms as to have any effect upon 
their tractations or their arrangement in the space lattice of the crystal. 
The author believes that what hapj^ens is the following sequence : Imagine 
deposition to be occurrifig undet conditions that are resulting in the 
formation of large crystalline grains and that, now, -^he temperature is 
raised considerably by % definite amount. This rise of temperature will 
cause thermal convection currents which produce stirring of the electro- 
lyte. Temporarily, at any rate, more metal molecules, and so more metah^ 
ions, are, in consequence, brought into the cathode layer. This greater 
concentration of salt molecules and met.»l ions results in a greater con- 
centration of available metal atoms. Hence, the opportunity for new 
centres of crystallization to be formed is greater, and t^e structure of 
the deposit is likely to be of smaller grain. The effect of temperature, 
acting through agitation, is here diminished grain-size. If the current 
density is not greater than is sufficient to account for all the metal atoms 
(including the increase due to the movement' set up by *the increase of 
temperature) brought to the cathode area, the grain-size will remain 
smajlpr ; but* if it is njore than enough, the increase will occur, because, 
even in. the presence increased movement, caused by the rise* of tem- 
perature, the current density will tend to exhaust th^ cathode layer of 
its met;|,l Qonjeftit. 

3. Movement. The importance of movement or agitation'^n deposition 
work has been mentioned in a form^ chapter.^ There is no dispu^ 
abqut it among practitioi\ers. Whether the agitation be ^effected lay 


^ Tho work of Blum and his colIf^t)orator8 is not considered in much detail in this 
chapter, because, in the author’s fiew, although they purwrt to adduce experimental t 
evidence in favour of Professor Bancroft’s “ Axioms ” of el«;tro -plating (vide references 
in Note 2, p. 134 above), they do not seem to him to be conclusive, though he would not 
lil^ to go so faf as A. G. Betts, wlio says in the discussion of their Bp-per (at p. 237) that 
they do iipt “ seem able to prove very much for them.” Such a statement is not to be 
wonffered at, ‘seeing that Rlum and his co-workera appear in this paper to consider ii 
pufficient to observe 4he surface aspects of deposits, and that they are entitled to draw 


upon structure. A moment’s reflection's sufficient to assure one that that is impossible. 

* Schwarz mentions low temperature as one of the conditions he found necessary for 
the foriniitib«<if idiodlorphs of deposited cofiper, op. cit. 

* Op. cit. • * 

* Chapter IV., p. 39. 
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movement of the cathode rods, or by blowing ^ir into the solution, or Dy 
o^er means, ^ the practical result* are the same, namelv, (i) a higher 
current density can be used and, thus, quicker work done ; lii) a smoother 
deposit is usually obtained. The causes of these results are well worth 
careful study ; they will now be discussed. ^ 

There is a certain maximum of current density that can be used in 
the cases of all plating solutions, used as “^stiirvats.’* This may be low, 
as in the case of the double nickel sulphate bath, or it may be consider- 
able, as in the case of the acid copper bath| In the case of any one metah 
the maximum varies with the eomposition of the solution used : it varies,^ 
too, with the concentration o! the metal salt, in the case of any one 
electrol 3 rfce. Thus, in the case of nickel agam, 3 to 4 amp./ft.^ is the most 
that can be used with the double ^ulphate oatfi ; but 10 to 15 amp./ ft. ^ 
can be employed where the solution is j^iade with tlfc single salt,^ the 
current density varying with the concentration. Suppose, when the 
maximum current density has been attained in some definite case, agita- 
tion is commenced. It will be found 4hat the current density can then be 
pushed still higher than the ‘‘ still vat ^ maxinfum, and that the deposit 
remains good, or may be even better. It will be found also that the 
increase of current density that can be used for % certain degree of agita- 
tion is limited. If, now, the agitation be made more violent, ttie current 
’density employable can be still further increased up to another and 
higher limit. This connection between the maximum current density 
employable and the degree of agitation is well known in practice. It has, 
too, been the subject of laboratory investigation. For instance, in 
electro-hnalysis, very high current density has been used, when a rotating 
cathode in the form of a spiral of platinum wire has been employed.^ 
The author has frequently used over 300 amp./ft.^ in determinations of 
copper by electrolysis. In.works practice, 100 amp./ft.^, and more, has 
been used when depositing copper upon rotating mandrils.^ The most 
informative investigation of the subject that has been published is that 
carried out by J. G. Zimmerman.^ This author’^ conclu^ons a re^c on- 
cisely stfmmarized as follows (op. cit., p. 246) : “^The fineness ofgrain 
is dependent upon^the current density, other things being equal, and the 
fineness increases with the current* density until, at a tjjrtain critical 
value, a powdery deposit will occur, Imrease in the number of revolutions 

S minute increases the critical (Mrrent density, although, whether it is 
ctly proportional, I have not Seen able determine.” •Dqj^ing the 
discussion oi Zimmerman’s paper there tcotirred a controversy*as to the 
^ cause of the (apparently) polished state of the surfaces of the deposits he 
obtained at his critical current densities. Zimmerman m^iiitained that it 
was due to a burnishing of the deposit by the moving electrolyte. Cowp^r 
• • 

, ^ The lektive merits of different metliods of agitation aie discussed isi 
Slectrochefn, 8oc., 1903, vol. iii: pp. 252 et neq., by Prof. Bancroft, D^. Bering, and othera. 
*C». Chapter VI., p. 69. 

* lUustiations of sucl^ cathodes wiU be foundf in any text-book on Electro-analysis. 
Ffdfo Classen’s Quantitative Anaiyaedurch Electrolyse. The complete apparatus is shown 
in phonographs in J. W. Mellor’a Treatise oi%Chemicdl Analysis, 257.4^^ffiii, 1913.) 
Wron*. Ear. 8oc., 1906, voL it p. 216. • 

* Trans. Am. Electrochem. 8om, 1903, vol. iii. p. 245. 
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Colo uses the weird expression “ skin friction.” But Carl Bering objected 
to this viewj He said (p. 251) : ** P think the correct explanation is that 
with high current densities the molecular layer of liquid next to and in 
molecular contact with the cathode is exhausted of its metal before fresh 
liquid ca*\ get there, hence hydrogen or other things will be set free, 
spoiling the deposit.” jC. J. Reed, supporting Hering, said : “ I do not 
believe that the friction of |he liquid has anything to do with it ” (i.e., 
the “ polished ” surface). • He attributed it to the increased rdte of supply 
of ions to the cathode, Asja matter of fact, the so-called “polished” 
surfaces of such deposits are not polished at all in the mechanical sense. 
There is no Beilby film on the surface such as would be produced by 
mechanical polishing, whether this is effected by water, electrol 3 rte, or 
other means. Those who allege the existence of a skin or film upon 
the surfaces^ of such deposits«as are being considered adduce no evidence 
in support of their allegation. On the other hand, the author has shown ^ 
that the surface is almost certainly the result of the smallness of grain 
which characterizes the structui^ of deposits formed at high critical 
current densities. Th? conclusions expressed in the paper referred to 
(in Note 1 below) are: “(1) That the ‘polished’ appearance often 
observed on the surfaces of deposits formed upon rotating cathodes is 
due to the smallness of the grains of which the deposits consist ; (2) 
that the smallness of grain is the result of the constancy of metal con- 
centration at the cathode surface ; and (3) that, since mechanical move- 
ment can maintain constant the metal concentration, rotation of the 
cathode, which is a mode of mechanical movement, operates in that way 
in the cases of deposits formed upon rotating cathodes* and not by way 
of burnishing or the like, as suggested by some other authors ” (op. 
cit, p. 509). Incidentally, the author suggests the following as an inter- 
esting piece of research : (a) Prepare a number of deposits of (say) copper 
formed ajb various critical current densities, but under otherwise similar 
conditions ^ (6) plot current densities against degree of agitation— peri- 
p]b#jal speed of a sylindrical cathode, for instance ; and (c) prepare 
micrographs of poliahe^ and etched cross-sections of the deposits. 

It is appafent that concentration of available mttal atoms must here 
again b^ ti5 prime factor immediately responsible for the structure of 
deposits. Current density acts in supplying them by discharge of metal 
ions, and agitation acts in bringingfthe metal ions to the surface of Jbhe 
cathode, •^nd thus preventing exhaustion of the cathod^ layer by^the 
high eftrrent densities. Cifrrint density and agitation are contributory 
factors ; but concentratiofi df available metal atoms is the deter m i ni ng 
condition. The importance of movement (whether rotation or by other 
• means) is ©bvious ; the author has shown that even simple to and fro 
^movement of the cathode rod is sufficient to cauSe great structural 
(fifferences.® The Aructure resulting from the employment of mo^^ement 
is always more fine-grained than is that of deposits formed in “ still 
vats,” but under otherwise Similar conditions. .The structure is very 

* S&vSr^y». dhem., 1921, vol. xxv. «. 496. Dr. M. von Schwarz’ discussion of this 

paper is of interest. Vide Zeit. /. MetaUkunde, 1922. vol. xiv. p. 134. * - 

* The Electro-deposition of Iron, p. 16, Series III.'(H.M. Stationery Office). 



140 MODEBK 

often fibrous, but not always so. The following examiple is instructive. 
Figj 25 shows the polished and etched surface of a cross-section ci a 
copper deposit formed on a brass *rod su^ended vertically in the bath. 
The current density was high, and the rod was moved to and fro during 
deposition. The structure is obviously fine-grained, but it is gpt wholly 
fibrous, as is the structure of an iron deposit-shown in a former chapter.^ 
The copper deposit has a fine-grained, but ^rok^n, structure ; much of 
it is fibrous. The author believes this structureis the result of the current 
density being too high for the d(?gree of agitation (or better said, perhaps, 
movement) employed, or, in other wor.ds, the current density exceeded 
the critical value determined by tl 43 conditions of deposition that pre- 
vailed. Most probably, if the solution had been more concentrated, as 
regards copper sulphate, the structure would have been wholly fibrous. 
The type of structure here shown is chai?acteristic of ‘many deposits, 
and it is a difiicult type to interpret, if the connection between current 
density and movement (here being considered) is not known. 

It is important to notice again here ‘that high current density must be 
aided by movement, if the grain-size ol a deposit is to remain small 
during any considerable period of deposition. Otherwise from being small 
near the surface of the cathode it will become larga.^ Movement has so 
powerful an effect that it may altogether mask that which should be 
psioduced by one factor (current density, say) in and by itself. As has 
been seen, even slight to and fro movement is sufficient to mask the 
effect of high current density. o 

4 . Composition of the solution. It has been noticed how the composi- 
tion of the solution, as regards the concentration of the metal salt con- 
tained in it, may affect the structure of a deposit. This is seen in deposits 
of other metals, as well as in those of copper. Other components of the 
solution have important effects upon structure. These will be briefly 
considered under the headlines : (i) Complex salts ; (ii) acid ; and 

(iii) colloids. r 

(i) Complex salts. When copper cyanide and p(^tassium fiyanid^re 
dissolved together in water, a substance that has for its formula K2Cu(CN)4 
is formed and can, if proper precautions are taken, be separated out in 
the solid state as a white powdery compound. Similarly, sflyer cyanide 
and potassium cyanide yield KAg(CN)2 : this is the salt that forms the 
essential component of most silver-plating solutions. When such com- 
pou^s are dgsolved in water, they split up,cfor the most parj^ into 
potassium cations and anions which cont»inpthe important metal — ^the 
copper or silver. There is also a very smaff number of copper or silver 
cations pr^ent, but not sufficient of them to answer the ivstial analytical 
tesl^ |or theise metals. Such anions are called complex ions, aijd the salts 
that 'give rise to them complex salts. Such complex salts are ||jy no‘ 
means •aLwajns cyanides. There exist compleac oxaftates, e,g, iron aift- 
momum oxalate, ^ (NH4)3Fe(C|504)8, and complex chlorides, such as the 

^ ChaDfepil,, Fig. 3 * * " 

■ Cf, III., Fig. 8. This deposit (of ^ron) was formed in % ** and 

at hi^cnrrdht density. Compare Pig. 28, which shows a similar structare ih a copper 
deposit, formed in a “ still vat,” tnci., but at low current density. 



Fig. 20.— A (iopper deposit showing large-grained structure. x50. 
(Cf. Fi^^ 8, Chap. III.) 






' pktiiio-eihlotidl of but the most important to the. 
eloctro-jdate^ are the cyfcides. The complex salts, yielding complex 
ahiona, are so called in order to distinguish them from dmMe salts, subh 
as the alums, e,g. potash ad^m, B^04, Al2(804)3, 24H2O, which dio not 
yield complex anions, but the metal cations K"*" and Ai'‘’+'*‘, and the 
tirell-knowmsulphanion SO;*”. Such, at any rate, was the old classifica- 
tion : later Work has proved that the distinction between the two classes 
is one rather of degree thaj (ft kind.^ The mechanism of the el^^lysis 
, of solutions forme^ from complex salts has already been briefly considered 
in the last , chapter ; Jihe matter of note here is that deposits from such 
• solutions are found to be, so far as t]^ey* nave been studied, always of a 
fine-grained and, usually, fibrous structure. The author does not pretend 
to know why that is so.* The view taken by Professor Bancroft ^ and 
some others is that the formation of*a “ fine-grained deposit is favoured 
by high current ciensity and potential difference ’’ (between the cathode 
and the adjacent solution). We know, as regards current deiwity, that, 
if this is high and there is no agitation employed, the grain-size is large 
and not small ; as regards cathode potential, the fact that this has been 
found to be high in cases where the grain-size of the deposit is small does 
not explain the mechanism whereby high potential produces small-grained 
structure. Quite anotber view is indicated in the following remarks. 
As has been pointed out,^ Pfanhauser regards the ordinary i^ickel am# 
monium sulphate solution as containing a complex salt and not a double 
salt, and explains the electrode reactions on that basis. Certainly, deposits 
from it have a macroscopic aspect similS-r to deposits of copper or silver 
formed in cyanide solutions, and there are those who venture to«ay that 
the micro-structure is similar too, though, so far as the author is aware, 
there is no sufficient evidence of the assertion. At the same time, if the 
stru(jture of the deposit shown in Fig. 27 * be studied for a moment, it 
is dear that the nickel has a very fiae and fibrous structure. This deposit 
was formeld in a concentrated solution containing magnesium and nickel 
sulphates,® together with some boric acid, but it was formed under 
‘*atil! vat” conditiofls and at a com;paratively high current density- 
conditions whi^h, in th» case of the acid copper bath and most sulphate 
of zinc baths,, would yield coarse-grained deposits, crystalline in macro- 
spopic aspefit. This connection between fibrous (or ^mall-grained) 
, structure and complex salts is curioiip and interesting. 

(ii) Acjfi. The effect produced by free acW in the solution upon the 
structU^ of deposits of ^(^ ^nd zinc has been illustrsfted already .® 
The change in macroscopic jispect (saused by adding H^^uite small amounts 


* Vide T. S. Iflo^re, in B. A. Lehfeldt’s Ekdro-chemietry, ja, 133. (Longmans.) 

• * Tmm. Am, Ekdrochem. 80c„ 1913, vol. xxiii. p. 266. The foUowing papers should 
M oonsuS^ on this point ; H. Stager, •ffelv. Chim. Acta, 1920, voR iii. p. 584 ; V. Kohl- 
sobttter and fi. Seh6dl,*t6^., 1922, voL r. p, 490 ; and F. Forster’s Ehktrolysi 
Ldaungen, 1922; pp. 384-397. 


* 5.^which SKdWs^at higli<» magnification, the structure of a deposit formed 

in the sainO batk. •,_ « 

•• Ir^anoh a eolntto it B hig% probable one has a complex ma^esium-mckel salt 

- VOL ^viL 
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of dilute acid (HQ) to a smaHibatk caldm sofution 

is so rapid that it may, ind^^ referred to as auddeiv thouch this 
te^ would not be applicable in, the eases of solutions of 100 gads, and 
more in bulk, where the effect produced by any addition is always shown 
^adually. While there is no doubt about the oases of iron and zinc 
]ust mentioned (the micrographs are conclusive), it is not easy to 
find in the literature of electro-deposition any direct statement as 
to whether acid causes any diminution* p grain-size in the case 
of copper.^ The statements made usually refer to Jbetterment of the 
deposit without any indicatioij being given as to ^ what the .betterment 
consists in. Does it consist in? di^pinution of gram-size ? Blum sayn : 
“ From the point of view of the plater we may usually define a ‘ good 
deposit ’ as one which is fine-grained, since fineness of grain is in general 
accompanied by a high lustre, relafive freedom from porosity, and com- 
parative hardness.” * The author is in Complete agreement with this 
statement — with its qualifying adverbs. Further 'Professor Bancroft 
states that bad deposits are due to (iisUr alia) excessively large crystals ; 
and Mathers, speaking of lead deposits, esj^ys : “in increase in free formic 
acid to 2 per cent, gave a still better cathode, while with larger amounts 
of free acid the deposits seemed to become mor^ crystalline and more 
rough.” * Therefore, if one accepts as the criterion of a good deposit 
one that js fine-grained (and this is seen to be true in the cases of iron, 
zinc, and lead, at least), it is not unfair to assume that the betterment 
found to occur, in workshop experience, in copper deposits as the amount 
of sulphuric acid in the bath is increased is due to successive diminution 
of gram^eize, and that the effect of acid is, in the case of copper also, to 
cause such diminution. 

(iii) Colloids, It has already been noticed that the presence of a 
colloid in the solution is often of advantage (as in the case of zinc), and 
sometimes necessary (as in the cast of lead). There is considerable 
evidence that the betterment in the deposit is, in this case too,Mue to the 
fact that, where coUoid is present, the grain-size is cut down^ and especi- 
ally and more markedly is this so, if free acid is al5o present in the*solu- 
tion. The effect of the presence of colloids is stated as^a general pro- 
position by H! J. S Sand in his recent paper on “ The K$le of Colloids 
m Electrolytic Metal Deposition,” * which contains a dit^ion and 
discussion of much (but not all) of^the work that has been done on the 
su^jject. Sand says (p. 34T) : “ Pr<5bably in ^1 cases the deppsit is ren- 
dered more fine-grained,” and he adds,-^tljodgh this is less cgrtzin, — 
“ , . . and more brittle.” The matter wiu npt be pursued furth^ here ; 
t)ut a very interesting example of the effect produced by gelatine (or 
glue) in zinc deposition may well be given. 6. D. Scholl Aiys : * “ When-^ 
ever glue was omitted from the cells for a time, the deposit wbuld become 
f up oi boles. This is undoubtedly due to the action of impurities which 

^ IToleM th6 BtatementB of Sieverts and Wippelmann be oonddusd as snob (c^ cU.), 
Am. Sledrochem. Soe., 191^; vol. zzr«. p.Z16« 

1914, ifoL xxvi.<p. 127. 

* Fourth ^port on Odhid Chemittry, 1922, p. 846. (H.2I* Stationery Office.) 

Jhnd Met. Bng.^ 1922, yoL xxri. p. 6D1. The nntnor is to be t^n as 
6e]ioH*s tiew as to the o^nse of the tetterment he observed. 




PLATE XV n. 



2S.--Aii crystal oi dejiosited 

(‘Oitiicr. It shows tlic e(lj;c and angles of 
a crystal- -rounded considerably by con- 
centration currents, x 12. 




I’LATK Will. 






METAL U8 


9,tB er r^ded in action by the glue. ... The 

addibiohof aft^ its total absence fot some time causes a marked and 
almost instant ^hai\ge m the deposit/bf zinc. In one case the entires 
c^ll room wasin trouble ; the sheets were peppered with holes, and in 
^ some cases were actually on the verge of breaking away from the cathodes. 
Glue was addfd, and within twenty minutes a ch^ge had come over the 
“Wtire cell room^ Re-solutipn had beenarrested, and m the great majority 
of cases the sheets had actually! healed * and pUfting had been^resumed.^’ 
-The efEects o{ th^presence of tfofnplex salts, acid; and colloids, respectively, 
^ih a plating solution appeb to be each of them the same, namely, 
diminution o^ grain-TizA ‘ , 

The argument advanced in the foregoing^ is that concentration of 
available metal atoms is tl^e alj-important factor in the formation of the 
^structure of a deposit. It is hoped thai il has been made clear that this 
proposition is true fii, at least, a%arge number of cases ; critics of some of 
the author’s work appear to believe that this view is more generally held 
than he was or is aware.^ If it is universally true, then the effects of 
complex salts and of the other types*of substances just mentioned must 
so act Ss to bring about (fliick deposition, and, consequently, the forma- 
tion of large numbers of nuclei or embryos, and hinofer crystal growth. 
The performance of muA more experimental work is necessary before it 
can be said whether or not that is so ; the results of that work will form 
a crucial test as to the extent to which the hypothesis outlined holds. 
It does not matter what the outcome of that test is, so long as the truth 
is known. 


^ See, o.g., Engineering, 1922, vol. cix. p. 303 



CHAPTEl^ Xil 


ON READING 

A QUESTION that ]>as been put to the author on many occasions 
runs — What shall I read '? $ • 

The first reply that may he ‘given to this incpi^ry is of a negative 
nature, namely : Do not read, in the fir(t ihltance, anything that is more 
than ten years old, except (1) in order to become acquainted with the 
history of a matter, or (2^ where a research is to be followed or engaged 
upon, in order to find out what others have, done in r(*.gard to the research 
contemplated. It is most essential that every f^ne engaged in work on the 
electro-deposition of metals should keep himself up to date. The practical 
man — the man in the shop — is, just as is the Research worker, likely to 
waste time and effort, from ignorance of contemporary knoVledge, if he 
consult!^ old and out-of-date books and other sources of information. The 
author has himself found it to be, in most cases, of most use and benefit 
to work backwards, so to saji He consults the latest literature in the 
first ifistance, and then follows up the references given in that. Another 
piece of advice (given to him by one who knew) that the author has 
followed with advantage is this : If one wants to obtain information 
upon some subject of clectro-depositiod, it is sheer waste of time to con- 
sult text-books on chemistry or physics in regard to it. Very few of these 
books give any useful information upon the subject, and many of them 
make statements that are 1 -irmful iTecause they are wror^i- J'he types 
of book that should be consulted are (1) those which, are concerned with 
physic^ chemistry, puie or applied, and (2J i^ichnical works on the 
electrolysis of aqueous solutions. * ^ 

The periodicals and text-uooks which the author reiommends are 
as follows : * 

1. PElSlODlCAD#^' 

{a) English (or American) 

1. The Metal In uusiry. (Now York od’^iori, OU John 811001, Novi xoi k ; aiid London 
edition, Bedford Slroet, Stray’d, London.) 

2. The Brass Worhi (153 Waverlcy Place, New Yoj k.) 

The three foregoing journals arc o! great interest and use to Ihd picctieal 
• • man, and the research worker will often find them tisoful. 

3. The Electrician, (8 Bouverie Street, London.) Tliis journal has done more than 
any other English paper in the publication of matters relating to the electro- 
deposition of raetafc. ^ 

4. ChJPhfiical and Metallurgical Engineering (McGraw, Hill 89 Co., Tenth •Avenue, 
•at 36^1‘3trcot, New York ;#and 8 Bouverie Street, London. 

M4 
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[h) French 

Le OSnie Civil (6 Ru« d© la Chaussdc-d’Aatin, Paris.) 


. (c) German 

^1. Zeit. far Elehijochemie. (W. ft^napp, Hal!©, Germaim) 

2. Zeit. f Ur MelaUkunde. (Voflag cks Vereincs deutsclw Ingenieure, Sommersirasse 
4a, Berlm.) \ ^ ^ * . * 

'J. •Elekirochemische Zeifschrifl. ^ Brandeiiburgische'jiuclidnickerei, lilibleiisirassi^ 9, 
Bcrlin-Sclioneberg, Germany.) ^ * 

4. Stahl und- Eisen. (Verlig Stahloiaon, Dilsaeld? .f, G«’mMiy.) 

5. Met all. uml Erz. (W. ILnapp, Halle, Gerlllan 3 ^) ^ 

Nos. 1 and 2 are Almost indispensable to J man engaged ui)on researeb. 


It is advisable to look Ihroi 
done at(a library. 


;h 3, 4, an^ 5 from time to time. Tins can be 


IL TEXT-BOOKS 


(a) En^ush 

1. Elect^-chemistry^ by R. A# liebfeld... (Longmans, London.) 

This is the only text- book on the principles of elertro-ehemistTy (apai’t 
from their applicati(j||i) published in this country. It is well and clearly 
written. It is essentially a book for the more advanced student ; the man 
in tlle’>^'orkshop will not understand most of it. The present edition is dated 
1904, but that need not prevent a student possessing it, always provided he 
rciinembers its dat(‘ and looks up the later literature. 

2. The Principles of A pjdied Ekclro-che7nistryy by A. J. Allmand. (Arnold, London.) 

T'his is tlie only text-book on its su’ ject published in this country that 
the author considers to be really valuable. It is comprehensive, apd it is 
reliable, except here and there, on matters of jiractice. ^ 

3. Practicxil Electro-chemistry ^ by the late Bertram Blount. (Constable, London, 

1906.) ^ 

This book treats of the practical side of electro-metallurgical processes, 
includbig electro-refining and eiectro-plating. It is, however, out of date, 
and should be consillted in a libra^-. 1 

4. Elmtrm?^lting and Refining, by W.*Borchers« Translated by W. G. M‘Millan. 

(Griffin, London, 1904.) , ^ ^ 

This book, too, ^ out of date, and should be consulted at ^library. 
P^‘ofess<Ni4ferchersmaG recently informed the affthor that a new ^^rman) 
edition is being prepared. The itew edition will be w>rth its price to all 
electro; m^'Ukllurgists : it i^to be hoped ^ihat an English translation will be 
published — a translation ^ a practical man. ^ 

8 . Electro-plating arid Electro-reining, by .^fexander 'V^att, and edited by Arnold 
Philipr'^^rosBy, Lockwqt 4 jL& Co., Loiidon.) • • 

6. A Trtat^e on Electro-metalluTfy, by W. G. M‘Millan, and edited by W. R. Coop#r. 

(Griffiii, Loudon, 1919.) *^ '1 

The two last mentioned dre the best books on the practical side of the 
cleetrc^dRIf^tion of metals publishei^^ this country and, perhaps, in the 
English language. Both were written 0^ tactical men, and Doth have been 
• well editdd ; but both are out oLdraite. Wnen new editions appear, they will 
^.bergood investments ; till then |hey should be consulte(f*at a library. 

7. Tfie Principles of EleclA)-deposition — A Laboratory Guide, by S. Field. (Longinan^ 

• 1911.) 

This book is of much use ^ a student in the laboratory — especially to 
one working at a technical school.' It is not very re«ent, but that do(‘S not 
scwmuch matte'!’ in this case. The book is rather a clsiSBroom than a woi<tshop 
friend, and a good teacher would ’‘Supply the»additions and coir,^';ydns ^at 
time has made necessary. 
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8. The Electro-depoailion of Metals, by G. Langbein, and translated by T. ferannt. 
8th ^lidition. 1920. (Published in this country by the O^rford Technical 
Publications.) r 

This book has been reviewed for the Journal of' the Institute of Metals, 
(vide JouX'. Inst. Metals, 1920, No. 2, vol. xxiv. p. 613.) 

(6) Foreign Booes 

^Among the foreign text-b»,spks that are of val^ie to those engaged in metal deposi- 
tion, those nie^tioned in tlie n '.tea to the text of \thi8 book must ’ e innhided. Most 
of them are oul of date, just as''nost of the English books are, and, IL^e these, tlley. 
must be used with caution. , A n» table exception in this respect is : 

Elektrochemie ivasseri^fer^Ijosart^en,^ F. Forster, (^^.artli, Leipzig. 1922.) f 
No research man can afford w be without this Pook. It can be purchased 
for the extraordinarily l^w price of 14s. “ It wdhld be a very desirable thing 
if somebody were to translate rihis book, b((J 2 au&o it is quite in a elass by itself ” 
(Prof. W. 1>. Bancroft, writiiig*4n the ^'yur. Phys. Ch^m.., 1,'22, vol. xxvi. 
]). 494). The author agrees that a trsuslajon is greatly ,ne'eded, biiC^the 
tianslation would be beat done by a number of men, each a master of the 
subject-matter of the i^rticular section or sections of the book ho under took 
to translate. ' • *• 

III. original' paper':; 

\c 

A considerable number of refenmees to })apcrs (‘omjirising the rc'sults of research 
have been cited in the notes to th(? text. This has been donc^ of set pu;^OBc. One of 
the most valuable fcatun^s of any book on a technical subject is, in the author’s 
opinion, the direction of the reader’s atkmtion to the sources wlu're he can obtain 
first-hand information. Professor Walk(‘r has well said : “ ... it is of the utmost 
importance that even beginners in^hysical chemistry should become acquainted 
at first-hand with original work. . . .” The pa])ers (;ited do not, of course, cover 
the whittle of the literature, but it is believed they comprise the most important 
ones, and that they will set the worker well on his way. 



IVXBLES 

TABLE yilli 

A UUUKDIJNU to tScftntific Paper f No. ^ 5 , Bureau of Standards, 
WashjQgton, the effect >n the deiAity of an electrol5rfce of 1 gram 
perJibre of €uS04^H20 is^ra^^tically identical with that produced by 
1 gram per litrS of H 2 SO 4 . Therefore, if the density of a solution contain- 
ing these two substances is known, the amount of the fwo in grams per 
litre is also known. And, if the aitiount of Aiuher is determined, that of 
the otlftir may be found by difleience. In Table VIII. the effect of the 
substances is given. 


Bensit-. — Composition Rei.ations in Copper Sulphate Electrolytes 


25“ C. 

40“ C. * 

Density. 

Onns./lit. 

CuS()4.5Il2() + H 2 S 04 

Density. 

Crms./lit. 

CUSO 4 . 5 H 2 O +Jl 2 *^Q 

101 

102 

103 

104 

106^ 

107 

^l09 

110 , 
Ml 

M2 

1 ^ 

‘ M? 

Mo 

M 6 

M 8 

M9 * 
h20 

1-21 

' 1-22 

123 

— * 

52 

68 

84 

TOO 

1>7 
„ 133 
**150 
’ 166 

J83 

200 

• 217 ^ 

234 = 20-5’^)y wtl 
251=21-8 •*7 

268 = 23-1 • 

»286 = 24-5 

303 = 25-7 

321 = 27-0 

339 = 28 3 

357 • 

375 

393 

1-01 

1-02 

103 

lf>4 

|<)5 

1-06 

107 

108^ 

1-09 

1-10 

Ml 

1 - 12 * 
1 - 1 ^ • 
1-14 

M5 1 

1-16 

M7 

M 8 

1-19 

1-20 

1-21 

1-22 

1-23 

i| 

20 

43 

60 

76 

93 

no 

127 

144 / 

161 

178 

195 

212 

229 

247 

<'265 

282 

300 

318 
k 336 

354 

372 

390 • 

408 

~ _ * 


N.B * — The above is taken from j^j^e Engineering and Mining 
York), June 16, Util. 




MODERN ELECTRO-PLATING 


14^ 


TABLE IX 


c 

ComparS^n of Thermometrio Scales 


Cent, 

Fahr. 9 

. 

^ T 

Ceait.^ 

Vj 

Fahr. 

a 

— 

^ Cent. 

^ Fahr< 

100 

212 

V 

ei, « 

^ *■ 
l*-2 

iA-4s. 

38 ( 

100-4 

99 

210-2 

68 

^17 

98 

98 

208-4 

67 

152-6 

36 

96-8 

97 

2u6-6 

66 

160-8 

36 

95-0 

96 

204-8 

65 

. 149-0 

34 

93-2 

95 

203-0 

64 

147 2 

33 

91-4 

94 

201-2 

63 

• 146-4 ^ 

32 

89-6 

93 

19ibi 

62 

143-6 

31 

87-8 

92 

197-6 

61 

141-8 , 

30 

860 

91 

195-8 

60 

140-0 

29 

f 84-2 

90 

194-0 

59 

138-2 

28 

82-4 

89« 

192-2 

58 

136-4 

27 

80-6 

88 

190-4 

57 

134-6 

26 

78-8 

87 

188-6 

56 

132-8 

25 

77-0 

86 

186-8 

5» 

131-0 

24 

76-2 


185-0 

54 

129-2 

23 

73-4 

84 

183-2 

53 

127-4 

22 

71-6 

83 

181-4 

62 

125-6 

21 

69-8 

82 

179-6 

61 

^123-8 

90 

68-0 

81 

177-8 

60 

1220 

19 

66-2 

80 

176-0 

• 49 

* f 120-2 

18 

64-4 

79 

1742 

» 48 

^ 118-4 

17 

62-6 

78 

1724 

i 47 

. 116-6 

16 . 


77 

170-6 

- '6 

114-a- . 

. 16 

69-0 

75 , 

168-8 V 

45 

113-0 

V '14 

67-2 

167-0 

^ 44 

111-2 • 

\ 13... “ 


74 ’ 


43 • 

’ 1094 

12 

63-6 

73 

163-4 

• 

107-V 

11 *• 

61-8 

72 

Vv 161-6 

, 41 

' 105-A 

10 

60-0 

71 

70 

159-8 
158-0 ' 

1 

40 t 
• 39 « 

104-(r 
102-%^ - 

* 

« 


To convert^ * ^ 

® C. int(f° F.y multiply Qf^aivide by 5, and add 32. * 

° F. inti ° 6\, subtract 32,'multipl/ W 6, and divide by 9o * 
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TABLE X 


ComparativibiTable of SPBomo GBAvmss and Hydeombtbe uegebbs— 
BbatjmA and Twaddle 


Spec. Grav. 
at 69“ F. ^ 

Deg. 

* 1 

Tw. 

spec. GraT.#j 
at 69" r. i 

^ 

^ Deg. B6. 

Deg. Tw. 

• 1000 \ 

Vo 

4 

- I24,r 

i 

284 / 

-.9* 

1005 


• 1 

l2^) 1 

28-8 

60 

1010. , 

V4* M 

2 

• . / 

. 29-3 

51 

• 1015^ 

21 1 

3 

*1 1260 

I 29-7 

52 

1020 

2-7 ^ i 

4 

1265 j 

30-2 

63 

1025 . 

3-4 

• 5 

' .1270/ 

30-6 

64 

1030 I 

41 


, |1275 

3M 

56 

'«ipi035 9 

#•7 

/ > 

1280 

31-6 

56 

1040 

• 5-4 


1285 

320 

67 

1045 

60 

9 

1290 


58 

1050 

^ 6-7 

10 .1 

1295.> 

32-8 

59 

1055 

7-4 

11 

im' 

33-3 

60 

[{%0 

8-0 

• 12'- 

1305 

33-7 

61 

1065 

8-7 

13 

1310 

.?4-2 

62 

1070 

9-4 , 

14 

1315 

34*6 

63 

1075 

100 

15 

1320 

350 

64 

1080 * 

10-6 

16 

1325 

354 

65 

1085 

11-2 

17 

1330 

35-8 

* 66 

1090 

11-9 

18 

1336 

36-2 

67 

1095 

12-4 

19 

1340 

36-6 

68 

1100 

130 

20 

'^1345 

a37'0 

69 

1105 

136 

21 

1350 

374 

.70 

1110 

14-2 

22 

1355f 

37-8 

‘‘71 

1116 

14-9 

23 

1360 

.38-2 

72 

1120 1 

1^-4 

24 

1365 

38-6 

73 

1125 

160 

25' 

1370 

390 

74 

1130 

16-6 

26 \ 

137% 

394 

75 

1135 

171 

27 9 

13^ 

39-8 

76 


17*7 

28 • 


40- 1 

77 

1146 ^ 

18-3 

29 


40-5 

78 

1150 

• - 10-8 % 

^ 30 

1396 ^ 

, 40-8 

^79 


m 19 3 if 

31 

1400 ^ 

41-2 

, ^80 

1160 

r ^ 19-8 

32 

‘ 1405 

41-6 ‘ 

81 . 

1165 

• 20*3 

i33 

• ilS»10 

420 

82 

1170 

^0-9 

/ 34 1 

1415 ^ 

42-3^ 

83 

1175 

21*4 

/ 35 

m 1420 

42-7 

84 

lli^ 

• 220 

-L 36 

« 1425 • • 

431 

86 


22-6 


1430 

434 

86 # 

11915 

230 


1435 

43-8 

87 

1195 

23'6 

• 39^ 

1440 

441 

88 

l2fS9f^ 

■^940 

40 

^1445 

444 \ 

89 

1205 

24-5 


^^1^0 

44-8 \ 

90 

1210 • 

250 

42 1% 

f466 

461 1 

91 

^5 

256 

43 1 

1460 

464 

92 

1220 

26(f 

44^ 

1466 

46-8 

• 

1226 

26-4 

45 

1470 

461 

94 

1230 

26-9 

46^ 

1476 

464 

95 

1235 

27-4 

47 ^ 

1480 

• 46-8 

96 

1240 ' 

87-9 

48 , 

1486 

47*1 

♦7 



r' 

- 


0 
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TABLE X—coTUinv^ 


Spec. Grav. 
at 69° ¥. 

Deg. B(^ 

V 

Deg. Tw. 

Spec. Grav. 
at 69° F. 

Deg. B^. 

r 

Deg. Tw. 

, 1490 

474 \ 
47-8 

98 

^680'’ 

6 ^J-4 ' 

136 

1495 ' 

No 


58^ / 

58-9 ' 

137 

1500 ^ 

48-1 

\100 

i6£n 

138 ' 

1505 

48-4 

VlOl 

1695 


139 

1510 

48-7| ' 

\02 f . 

1700 \ 

69-6 ‘ , 

, 140 ^ 

1515 

490 

103 ‘ 

1705 

59-7 

141‘ 

1520 

49-4 

V 104 . 

1710 9 

600 ' 

142 

1525 

49*7 

lOf 

106- 

1715' 

60*2 { 

143 

15;i0 

600 

P72p 

go-4 \ 

144 

14lP' 

1535 

50-3 

107 

Alit, 

60-6 , 

1540 

^ 50-6 

108 

1730 

60-9 

146 

1545 

SO-9 

^ 109 

1735 

611 

147 

1550 

51-2 

no » 

1740 

61-4 

148 

1555 

51-6 

111 

t, 1745 . 

61-6 

;,49 

1560 

61*8 

112 

1750 * 

61-8 

150 

1565 


113 

1755 

62-1 

151 

1570 

52-4 

114 

1760 < 

62-3 

152 

1575 

52*7 

115 

1765 

62-6 » 

163 

1580 

530 

116 

1770 

62-8 

164 

15^5 

53-3 

117 

1775 

63-0 

156 

1590 

53-6 

118 

1780 

63-2 

166 

1595 

53-9 

III 

1785 

63-5 

157 

1600 

541 

1790 

63-7 

158 

1605 

54-4 

121 

1795 

64-0 

159 

1610 ' 

64-7 

122 

1800 

64-2 

160 

1616 

650 

123 

1805 

64-4 

161 

1620 

55-2 

124 

^ 1810 

ff±-6 

162 

1625 

55-5 

^ 125 

- 1815 

64-8 

163 

1630 

56-8 

w 126 

k ' 1820 

, 65-0 

164 

1635 

56*0 

t 127 

1825 

65-2 

'*^66 

1640 

66-3 


‘ 1830 

65-5 

1645 

56-6 


1836 

• §5-7 

1C7 

16^ 

56'9 ^ 

^ 130 

1840 


168 

1655 « 

57*1 

131 

, 1845 • 

« 66-V*’*^ 

YO0 

' 1660 

m‘4 

132 

1^3 • 

1^50 

. 66-3* 

170 

1665 

67-7 I 

^ 18A> 

66-5 • 

- 171 

1670 ' 

< 57-9 

, 134 

186^ 

66^ 

172 

1675 

58-2 

135 '• 

« « 

_i 

% 



CONVEESIOJi 

1. Beaume a/d Spec. Qrav. 

TJjis formula applies to liquids having a spec. grav. greater than that of water. 

2. Ttvaddh and Spec. Qrav. ^ 

4 Spec. grav. — lOGO ^ 

5 


Twaddle. 
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TABLE XI — continued 

r 


Sp. gr. 
at 

15° C. 

f 

100 pts. by wt. 

conViin in 
chem. pure acid 

r 

1 litre con- 
tains in chem. 
^ Ipure acid 

Sp. gr. 
at 

* 15° a 

,r 

100 pts. by wt. 

contain in 
cl^-em. pure ajjid 

r 

1 litre con- 
tains in chem. 
pure acid 

f 

Per cent. 

\ Kg. 

“4“i< 

' t * 

Per cent* J 
H 2 SO 4 ' 

' j'' 

y Kg. 
/H.SO 4 < 

1-445 

54-55 f 

^ 0-7^ i' 

1-645 

V 40 

1192 ' 

1 450 

55-03 

^p-798 . 

1-650 

(^72-82 

' 1-202 

1-455 

55-50 

6-808 f ^ 

0-817 V c 

l-65[^ 

f 73-23 

, 1-212 

1-460 

55-97 

l- 66 f 

73-64 

\ 1-222 

1-465 

56-43 

0-827 

l-6a»5 

\ 74-07 ^ 

' l-2.82^' 

1-470 

56-^0 

0-837 

1-670 

7451 

1-245 

1-475 

57-7/ 

0-846 

1-675 

74-97 

, 1-256 

1-480 

57-83 

N^-856 

M i’-680 

7.5-42 

1-267 

1-485 

58-28 

0-8'65 

1-685 

75-86 

1 - 2 J 8 

1-490 

58-74 

0-876 

l-t)90 

' 76-30 

1-289 

1-495 

59-22 

0-885 

1-695 

76-73 

1-301 

1-500 

59-70 

0-896 

1-700 

f717 

1-312 

1-505 

60-18 

0-906 

1-705 

77-60 

s 1-323 

1-510 

60-65 

0-916 

1-710 

78-04 

1-334 

1-515 

6 61-12 

0-926 

1-715 

78-48 

1 -346 

1-520 

61-59 

0-936 

1-720 

78-92 

1-357 

1-525 

62-06 

0-946 

1-725 

79-36 

1-369 

1-530 

62-53 

0-957 ' 

1-730 

79-80 

1-381 

1-535 , 

, 63-00 

0-967 

1-735 

80-24 

1-392 

1-640 

<63-13 

63-85 

0-977 

1-740 

80-68 

1-404 

1-545 

0-987 

1 -745 

81-12 

1-416 

1-550 

64-26 

0-996 

1 -V )0 

81-56 f 

1-427 

1-555 

64-67 

1-006 

1-755 

82-00 ‘ 

1-439 

1-560 

65-08 

l/ll5 

i/.m 

\-765 

82-44 

1-451 

1-565 

65-49 

ll>25 

^4-88 


1-570 

65-90 

1-()V5 

1014i3 

1-770 

83-32 


1-575 

66-30 

^1-775 

*,83-90 

aC-30 

l-489o 

1-580 

,, 66-71 

^ ,67-13 

1-054 

1-795 

1-549 

1-585 

^•064 . 

1-800 

• 86 t ^0 r 

l-5^«, 

1. 590 

67-59 

1-075 

•"1-805^ 

_ 87-60 

1-581 

1-595 

68-05 

i-08ir*- 

1-810 

\ 88 -:l 0 

• 1-^98 

1-600 

0^1 

, 1096 

'1-815 

\ 89-05 

1-621 

1-605 

68-97 

1-107 

«. 1-820 

90-05 ^ 

1-639 

1-610 

69-43 

♦ »!-118 

1-821 

90-20 

IW 3 

l^lff 

69-89 

1-128 

1 822 < 

' 90-40 

1-64'J*- 
1-651 ' 

1-620 

70-32 

1-139 

i-sfS 

’ 90-60 

1-625 

70-74 

1-150 

1 - 8 'M* 

• 90-80 


• 1-630 

71/6 

M60 _ 

1-125 

91-00 • 

1^61 

1-635 

71757 

1-17^^ 

Msr 

L.26 

91-25 

, 1-666 

1-640 

7/99 . 

1 

0 
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TABLE Xn 


SPEomoTStAViTS pF Nitric Acid 


Sp. gr.^ 

100 pts. contain at 
^°^^rm 8 . HNO 3 

4 

Sl/^. 1 

* » / ■ 

100 pjC C( 

15° C. grm 

1 007 * 

\-5 

« 1 

/ 122 t^ 

35-5 

1014 1 

2 % 1 

•1-231 

37-0 

^•022 y 

« 4-Oi \ 

^ 1 242 

38-6 

^^•029 • 

5 a % 

1-252 

40-2 

1036 

6-3 

1-261 

^ 41-5 

1 044 

7-6 

1-275. ' 

43*5 

1-052 

9-0 • 

» \%,f 

45-0 

li960 

102 

1-298 

47-1 

1-067 

n-4 

1-309 

48-6 

1-075 

12-7 

1-321 

• 50-7 

1-083 

%40 

1-334 

52-9 

1-091 

15-3 

1-346 

55-0 

1-100 

16-8 

1-359 

57-3 

1-108 

18-0 

1 372 

59-6* 

1-116 

19-4 

1-384 

61-7 

1-125 

20-8 

„ 1-398 

64-5 

1-134 

22-2 

^1-412 

67-5 

1-143 

23-6 

1-426 

70-6 c 

1-152 

24-9 

1-440 

4* ^4-4 

1-161 

26-3 

1-454 

78-4 

1-171 

• 27-8 

1-470 

83-0 

1-180 

29-2 # 

l-4)g 

87-1 

1-190 

v30-7 

r i-6(j 

92-6 


\2l ^ 

i-|^ 

96-0 

1-210 • 


, j^4 

98-0 


On? A US^FO^l SulIhURIO AjfD ^CIDS IN THE^LATI^ifi ^HOP.-»-^ne 

of the uses for ^phuric^o-nd nitrjjfc acids in Ijuujilibing shop is as “ dips ” for cleaning 
articles (Specially those of b]^c.8 and copp^.rjbefore plating them^ They are used 
• as a mixture for ^ITis purpose. 4 ind the mixture of afeids is kno\f^nn the trade as 
“akoy’V’Vi^e CMRp. IV., 1, p. 43)^ The nitr^ ^cid (which is often called 
nitr^ ” Itcid in the trade) iS^e actf^e component : the function of the sulphuric 
acid is td act as a diluent. A goM Sip is made by pouring slowly, igod stirring the 
’ wMe, 147 pa^ by weight of s^lphimc acid (often referred to as “ oil of vitriol ”) 
oft^i*Uii§i4w«fc’iJ20° Twaddle, int^33 mrts by weight of nitr>^ acid of specific# 
cavity 74° TWadme. The mixture miuS ^oroughly stirrcOTand allowed to' 
dc^pl before being used. • » 
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TABLE XIII 


Pbr\C^nt. Composition op Pitting Sal: 


( Metal Salt. < 

\ \ 

(* f • * 1 

ForAiula. , f Jtet^l per cent. 

V I c. 

Chevreul’s salt ■ « *\ ‘ 

Copper carbonate (basic) 
Copper sulphat(3 . . ' . 

Copper cyanide (cuprous) *i 
Copper potass, cyanide 

Copper trisalt .... 

T 

Cu/! 03 (\iS 0,2T1,0 % •' ^ 

V!uC0,Cu(OH), 

Qi2(0N)2 . , ^ 

Cu^(CN)2.41«'N.«2S()3 * 

- iJ^*3 , 

•^■48 / 

‘ 25-40- 
, 70-97 

\ 224 > 

\21-2 

( 

Zinc carbonate ie) . 

Zinc carbonate . • 

Zinc sulphate . . . .** 

Zinc cyanide .... 

Zinc trisalt . ^ . 

Zinc chloride .... 

ZnC03.Zn(0H)2 

ZnCOg^ < 

ZnSCL.THoO 

Zn(CN)2 V 

Zn(CN)2.2KCN.K2S03 

7A\i\ ^ 

29-05 

52-15 

22-74 

55-6f 

15-5 

47-96 

Nickel carbonate 

Nickel ^rbonatc (basic) . 
Nickel sulphat(3 

Nickel sulphate 

Nickel ammon. sulphate 

Nickel chloride 

4 e 

NitJOy 

NiC03.4Ni0.5H.,() 
NiSO^.GH^O “ 

NiSO.TH.b 

Ni:S04.(Nl),,).,S(),.(iH.,() 
NiClyOll.O ■ 

49-44 

57-87 

22-32 

21-24 

14-85 

24-09 

Ferric chloride ^ . . . 
Ferrous chloride . • ^ • 
Ferrous sulphate 

Ferrous ammon. siilj)hate £ 

g 

FeSCK.7I-L(> 

28 

22-8 

14-02 

Stannous chloride . . 

^nC1^.2H20 

*52-frtr‘ 

Lead estate . . . 

Lead p^hlorate . 7^ . 

I^ead carbonate ^ 

Pb((!„H30.)...3H,j() X* • 
PWlO., J‘ • e 

/' 'V * 

54-01 “ , 

•45-OA . 

26-74 

• • 




^11 the basic carl)onatcs arc variable in position. A general frriAila for 

^ - - ^ nickel, is a:M(0H)2.7/MC03, where , 

jiin?lbers. Those 

Table XITI. are th^e^ittaming to the salts 

\de Chap. X., p.^;3^ * 

theLTiyanides of the metalf 


those of the divalent metals, e.g., copper, 

M stands for metal, and a; and y for varyin 
r jsentages given ii/T 
plating shops {9d( 
less generally, tl 


mn?lbers. Those f QrmT^la^ and.^^.r- 
it usually found in 
k ^plies, though 
sspceially copper cyanide. 


Not^^. A similar remark ^plies, 
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TABLE XIV 


‘‘SciiB Chemjc.vl •AND ELbcteo-Cuemical Values 







‘J 

r~ ^ 

Thickness de- 
jiositcd per 
hour by 1 
am})./dcm.2 

• ft 

Met«4,^ • 

• 

• V. 

Sj^Pbdl^ 

i 

* 

Wt. 

* 

Equiv. 

Wt. 

Electro- j 
•. ,> cl^'rn. I 
^ Equiv. 

0 

Wt. d(‘posit- 
•edper amp.- 
• hr. 

T 



4 




^^0 i 

• 

ft 

• 

'ing.‘ 

grins. 

mm. 

Nickel . V 

' Ni" 


29rf) « 

0-304, 

10942 

•0129 

CobalJ, . 

Co" 

59 

29-5 


J-ObO" 

-0120 

Iron [ferrous) 

ho" 

m 

' 2:8 

0-290 

1 -042 2 

-0128 

Zinc 

Zn" 

05 

32 5 

0-339 

W1I9 2 

-0171 

Cliromiurn . 

Cr*" 

1 52-5 

17-5 

0 182 

0-0519 

•0093 

Tin — ^ 

(stannous) 

Sn" 

118 

59 

o-7i8 

2-1192 

•0302 

Copper — 







(cupric) . 
(cuprous) . 

Cu" 

Cu' 

|03-5 

31-7 

03-5 

0 3289 

0 057 

l'IS0 2 

2 372 

•0133 

•0205 

Silver 

Ag 

108 

108 

r'1118 

4 -023 2 

•0380 

Lead . . 

Pb 

207 

103-5 

0-071 

3-857 2 

•(i;j38 ^ 






- 


• XOTES ^ 

1. “ The Chemical t^iivalent of\jj ifraont -i dcGnctl aa that amount of it 
whici^ ^jpmtines with ormkes the pla€e of 1 pftp"# (strictly 1 008 parts) by weight 
of liydrogeifcior 8 parts by weight of Seiiter, Text-hook of inorganic 

1911, p. 121.* ^ . 

• 2. The E^lro-Qimiim Equivalenl of a substance^ the amount of deposited 

by l^cbUlomD {i. 1 aAj)ei% flowing^ij second) of electricity. ^ m 

3. None o^the numbers g#A%n in Table XIV. is stric^y accurate— not tven 
those rdpreseftting the atomic weights. ^IR< ^cy are sufficiently near to correct 
, values for all practical (workshop) purjWs. If ab^iy time tl/fif'eader should, for 
some spccml piyipose, require' grc^ater accmracy, he should consult one of the standard 
referred to in tlili|Ji#tea tdf thi^ nook, and^hf^shonld take caTC that Ih^hook 
U8ed% of the latest dale. ^ 

;ex(^]T those for tin and mono vale 

ider pratfiscAen, Klc/fro^ewie, 1S90, Table 1," ‘235. 

* From A.-J. AUmand, Practical EMfro-cherm^. 

• From \^tt and Philip, Electro-pamig, 1902, Table 9, p. ^6. 


ii^his column (exce] 
from W/Lob, Leaden 
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TAliLE XV 


Equivalents 

There are a number of equivalents that thojMn^j-gcd in th[j cleitf'^ro-dcpositioii 


They We given hen 

I’ 


of matals have frequently to make use of. * 

^ 1 ounce (avdp.yi= 28^35 grammes. ^ , . 

1 galloA^mp.) =4-5436 litres = 4543 cubic oaitimetrcs. i 
1 „ (t^.S.) =3-78/5 litres. 

1 „ (Imp.) =10 IB. (English). . l 

1 » (Imp.) = ^pinU = 32fgilb = 160 ounces = 4 kYogrammcs 5^ grammes, 

and 'Conversely, ’ ^ / 

1 litre =100 centilitres = 1 cub. d^metre= 1-76 rfnp 
= 2-114 U.S. pints. * 


nperial pint. 
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